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INTRODUCTION 
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Part II: Commentary on the Proposed Specification for the Design 
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NOTATION 
Symbol Definition 
A Full, unreduced cross-sectional area of the member 
















support and under con~entrated load, and b2t+As ' 
for transverse stiffeners at end support 
Gross cross-sectional area of bolt 
18t2+A , for transverse stiffeners at interior 
s 
support and under concentrated load, and 10t2+A , 
s 
for transverse stiffeners at end support 
Effective area at the stress F 
n 
Net area of cross section 
Gross-sectional area of transverse stiffeners 
Effective area of stiffener 
Gross area of shear stiffener 
Gross section area of the thinner welded part 
Net web area 
For a reinforced web element, the distance between 
transverse stiffeners 
Length of bracing interval 






















bd Effective width for deflection calculation 

















Effective widths, see Figure 2 
Ratio of the effective proportional limit-to-yield 
strength, F IF pr y 
Bending coefficient dependent on moment gradient 
End moment coefficient in interaction formula 
End moment coefficient in interaction formula 
End moment coefficient in interaction formula 
Shear stiffener coefficient 
Coefficient as defined in Figures 4 and 5 
Coefficient as defined in Figures 4 and 5 
Amount of curling 
Outside diameter of cylindrical tube 
Dead load, includes weight of the test specimen 
Overall depth of lip 
Shear stiffener coefficient 
Depth of section 



























dh Diameter of standard hold 
d Reduced effective width of stiffener 
s 




Coped web depth 










Reduced modulus of elasticity 
Secant modulus 
Secant modulus in the compression flange 
Secant mod~lus in the tension flange 
Plasticity reduction factor for unstiffened 
compression elements 
Tangent modulus in. compression 
Et/E
o 
Plasticity reduction factor for lateral buckling 




The distance e measured in the line of force from 
the centerline of a standard hole to the nearest 
edge of an adjacent hole or to the end of the 























Fcr Critical buckling stress 
FD Dead load factor 
FL Live load factor 
Fn Nominal buckling stress 
Fp Allowable bearing stress 
F Effective proportional limit pr 
F
t 
Nominal tension stress limit on net section 














combination of shear and tension 
Tensile strength in the longitudinal direction 
Tensile strength of the annealed base metal 
Allowable shear stress on the gross area of a bolt 
Strength level designation in AWS electrode 
classification 
Yield strength used for design, not to exceed the 
specified yield strength or established in accor-
dance with Section 6.4, or as increased for cold 
work of forming in Section 1.5.2.2 
Yield strength of stiffener steel 
Shear yield strength 
Lower value of the yield strength in beam web F 
. y 



























f Stress in the compression element computed on the 
f 
av 
basis of the effective design width 
Average computed stress in the full, unreduced 
flange width 
Perceptible stress for local distrotion 








considered. Calculations are based on the effective 2.3.1,2.4.1, 
section at the load for which deflections are 2.4.2 
determined 
f d1 ,fd2 Computed stresses f1 and f2 as shown in Figure 2. 
Calculations are based on the effective section 
at the load for which deflections are determined 
Computed stress f3 in edge stiffener, as shown 
in Figure 5. Calculations are based on the 
effective section at the load for which deflections 
are determined 
f Computed shear stress on a bolt 
v 
f 1 , f2 Web stresses defined by Figure 2 
f3 Edge stiffener stress defined by Figure 5 
G Initial shear modulus 
o 
G Secant shear modulus 
s 
G /G Plasticity reduction factor 
s 0 
g Vertical distance between two rows of connections 
















plane of web 
Adequate moment of inertia of stiffener so that 
each component element will behave as a stiffened 
element 
Moment of inertia of the full, unreduced section 
about the axis of bending 
Actual moment of inertia of the full stiffener 
about its own centroidal axis parallel to the 
element to be stiffened 
Moment of inertia of the full area of the multiple 
stiffened element, including the intermediate 
stiffeners, about its own centroidal axis parallel 
to the element to be stiffened 










Product of inertia of full section about major and 
minor centroidal axes 
Moment of inertia of the compression portion of a 
section about the gravity axis of the entire section 
about the y-axis 
St. Venant torsion constant 
Section property for torsional-flexural buckling 






































Effective length factor in the plane of bending 
Reduction factor due to local buckling 
Effective length factor for torsion 
Effective length factor for bending.about x-axis 
Effective length factor for bending about y-axis 
Plate buckling coefficient 
Shear buckling coefficient 
Full span for simple beams, distance between 
inflection points for continuous beams, twice the 
length of cantilever beams 
Length of fillet weld 
Unbraced length of member 
Live load 
Actual unbraced length in the plane of bending 
Length of transverse stiffener 
Unbraced length of compression member for torsion 
Unbraced length of compression member for bending 
about x-axis 
Unbraced length of compression member for bending 
about y-axis 
Applied bending moment 


























ay Allowable moments about the centroidal axes 
















Nominal moments about the centroidal axes 
determined in accordance with Section 3.3.1 
excluding the provisions of Section 3.3.1.2 
Critical moment 
Permissible moment for local distortions 
Nominal moment strength 
Applied moments about the centroidal axes 
determined in accordance with Section 3.3 
Moment causing initial yielding 
Smaller end moment 
Larger end momen~ 
Distance from the shear center of one channel to 
the mid-plane of its web 
Actual length of bearing 
Number of holes 
Applied axial load 
Concentrated load or reaction 
Force transmitted' by bolt 
Force transmitted by weld 





























Allowable axial load determined in accordance with 
Section 3.4 for L = o. 
TT2EIb/(Kb~)2 
Force to be resisted by intermediate beam brace 
Permissible load for local distortions 
Nominal axial strength of member 
Nominal strength of connection component 
Uniformly distributed factored load in the plane 










R Required load carrying capacity 6.2 
R Coefficient 3.4 
R Inside bend radius 3.3.4 
r. Raqius .of gyration of full, unreduced cross section 3.3.1.1,3.4.1 
r Force transmitted by the bolt or bolts at the 5.3.2 
r 
cy 
section considered, divided by the tension force 
in the member at that section 
Radius of gyration of one channel about its 
centroidal axis parallel to web 
Radius of gyration of I-section about the axis 
perpendicular to the direction in which buckling 
would occur for the given conditions of end support 
and intermediate bracing 
4.1.1 
4.1.1 






















Radius of gyration of cross section about 
centroidal principal axes 
1. 28 yEo/f 
Elastic section modulus of the effective section 
calculated at a stress Mc/S f in the extreme 
compression fiber 
Elastic section modulus of the effective section 
calculated with extreme compression or tension 
fiber at F y 
Elastic section modulus of full, unreduced section 
for the extreme compression fiber 
Fastener spacing 
Spacing in line of stress of welds, rivets, or 
bolts connecting a compression coverplate or sheet 
to a non-integral stiffener or other element 
Weld spacing 
Maximum permissible longitudinal spacing of welds 
or other connectors joining two channels to form an 
I-section 
Allowable tensile strength 
Nominal tensile strength 

























Thickness of thinnest connected part 
Equivalent thickness of a multiple-stiffened 
element 
Effective throat of weld 
Actual shear force 
Allowable shear force 
Nominal shear force 





























w Flat width of the bearing plate 














the distance between webs for box- or U-type 
sections 
Projection of flanges from inside face of web 
Distance from concentrated load to brace 
Distance from shear center to centroid along the 
principal x-axis 
Yield strength of web steel divided by yield 
strength of stiffener steel 
Reduction factor for computing effective area of 
stiffener section 
Coefficient, for sections with stiffening lips, 
o = 1.0; for sections without stiffening lips, 
0=0 
Magnification factors 
Plasticity reduction factor 
Angle between web and bearing surface > 45 0 ,but no 
more than 900 
Poisson's ratio in the elastic range = 0.3 
Torsional buckling stress about x axis 
Torsional buckling stress about y axis 



















p Reduction factor 




0b Factor of safety for bearing 
o Factor of safety for axial compression 
c 
o Factor of safety for sheet tearing 
e 
Of Factor of safety for flexural 
0st Factor of safety for end crushing of transverse 
stiffener 
Factor of safety for te~sion on net section 
Factor of safety for shear rupture 
Factor of safety for yielding 
Factor of safety for fracture of annealed base 
metal 




















This table contains some conversion factors between US Customary and 
SI Metric Units. 
To Convert To Multiply by 
Length in. mm 25.4 
mm in. 0.03937 
ft m 0.30480 
m ft 3.28084 
Area in~ mm 2 645.160 2 2 0.00155 mm in. 
ft2 2 0.09290 m 
m2 fe 10.76391 
Forces kip force kN 4.448 
Ib N 4.448 
kN kip 0.2248 
Stresses ksi MPa 6.895 
MPa ksi 0.145 
Moments ft-kip kN-m 1. 356 
kN-m ft-kip 0.7376 
Uniform Loading kip/ft kN/m 14.59 
kN/m 2 kip/ft 0.06852 
kip/ft kN/m2 47.88 
kN/m2 kip/ft2. 0.02089 
psf N/m2. 47.88 
Angle degree radian 0.01745 
radian degree 57.29579 
1. GENERAL 
ASCE STANDARD SPECIFICATION FOR THE DESIGN OF 
COLD-FORMED STAINLESS STEEL STRUCTURAL MEMBERS 
1.1 Limits of Applicability and Terms 
1.1.1 Scope and Limits of Applicability 
1 
This Specification shall app~y to the design of structural members cold-
formed to shape from sheet, strip, plate or flat bar stainless steels, 
annealed and cold rolled, when used for load-carrying purposes in buildings 
and other statically loaded structures. It may also be used for other 
structures subjected to dynamic loads provided appropriate allowances are 
made for dynamic effects. Appendices to this Specification shall be 
considered as integral parts of the Specification. 
Nothing herein is intended to conflict with the provisions of the 
"Specification for the Design of Cold-Formed Steel Structural Members" 
issued by American Iron and Steel Institute and governing the design of 
structural members cold-formed to shape from carbon and high strength, low 
alloy steel sheet or strip. 
1.1. 2 Terms 
Where the following terms appear in this Specification they shall have 
the meaning herein indicated: 
(a) Stiffened or Partially Stiffened Compression Elements. A stiffened 
or partially stiffened compression element is a flat compression element 
(i. e., a plane compression flange of a flexural member or a plane web or 
flange of a compression member) of which both edges parallel to the direction 
of stress are stiffened by a web, flange, stiffening lip, intermediate 
stiffener, or the like. 
2 
(b) Unstiffened Compression Elements. An unstiffened compression 
element is a flat compression element which is stiffened at only one edge 
parallel to the direction of stress. 
(c) Multiple-Stiffened Elements. A multiple-stiffened element is an 
element that is stiffened between webs, or between a web and a stiffened 
edge, by means of intermediate stiffeners which are parallel to the direction 
of stress. A sub-element is the portion between adjacent stiffeners or 
between web and intermediate stiffener or between edge and intermediate 
stiffener. 
(d) Flat-Width-to-Thickness Ratio. The flat width of an element 
measured along its plane, divided by its .,thickness. 
(e) Effective Design Width. Where the flat width of an element is 
reduced for design purposes, the reduced design width is termed the effective 
width or effective design width. 
(f) Stress. Stress as used in this Specification means force per unit 
area. 
(g) Confirmatory Test. A confirmatory test is a test made, when desired, 
on members, connections, and assemblies designed according to the provisions 
of Sections 1 through 5 of this Specification or its specific references, in 
order to compare actual versus calculated performance. 
(h) Performance Test. A performance test is a test made on structural 
members, connections, and assemblies whose performance cannot be determined 
by the provisions of Sections 1 through 5 of this Specification or its 
specific references. 
(i) Specified Minimum Yield Strength. The specified minimum yield 
strength is the lower limit of yield strength which varies with the rolling 
direction and the type of stress, must be equalled or' exceeded in a 
3 
specification test to qualify a lot of steel for use in a cold-formed 
stainless steel structural member designed at that yield strength. 
(j) Cold-Formed Stainless Steel Structural Members. Cold-formed 
stainless steel structural members are shapes which are manufactured by 
press-braking blanks sheared from sheets, cut lengths of coils or plates, or 
by roll forming slit width from cold- or hot-rolled coils or sheets; both 
forming operations being performed at ambient room temperature, that is, 
without manifest addition of heat.such as would be required for hot forming. 
1.1.3 Units of Symbols and Terms 
The Specification is written so that any compatible system of units may 
be used except where explicitly stated otherwise in the text of these 
provisions. 
1.2 Non-Conforming Shapes and Constructions 
The provisions of the Specification are not intended to prevent the use 
of alternate shapes or constructions not specifically prescribed herein. 
Such alternates shall meet the provisions of Section 6 of the Specification 
and be approved by the appropriate building code authority. 
1.3 Material 
1.3.1 Applicable Stainless Steels 
This Specification requires the use of stainless steel of structural 
quality as defined in general by the provisions of the following 
specifications of the American Society for Testing and Materials: 
ASTM A176-85a, Stainless and Heat-Resisting Chromium Steel Plate, 
Sheet, and Strip 
ASTM A240-86, Heat Resisting Chromium and Chromium-Nickel Stainless 
Steel Plate, Sheet, and Strip for Pressure Vessels 
ASTM A276-85a, Stainless and Heat-Resisting Steel Bars and Shapes 
ASTM A666-84, Austenitic Stainless Steel, Sheet, Strip, Plate, and 
Flat Bar for Structural Applications 
The maximum thickness for Type 409 used in this Specification is 
limited to 0.15 inch (3.8 mm). The maximum thickness for Types 430 and 
439 is limited to 0.125 inch (3.2 mm). 
1.3.2 Other Stainless Steels 
The provision in Section 1.3.1 does not exclude the use of stainless 
steel ordered or produced to other than the listed specifications provided 
such stainless steel conforms to the chemical and mechanical requirements 
of one of the listed specifications or other published specification which 
establishes its properties and suitability, and provided it is subjected 
by either the producer or the purchaser to analyses, tests and other 
controls to the extent and in the manner prescribed by one of the listed 
specifications and Section 1.3.3. 
1.3.3 Ductility 
Stainless steels not listed in Section 1.3.1 and used 'for structural 
members and connections shall comply with the following requirements: 
The ratio of tensile strength to yield strength in both longitudinal 
and transverse directions shall not be less than 1.08, and the total 
elongation shall not be less than 10 percent for a two-inch gage length 
standard specimen tested in accordance with ASTM A370-77 . The provisions 
of Sections 2 through 5 of this Specification are limited to stainless 
steels conforming to these requirements. 
1.3.4 Delivered Minimum Thickne~s 
The minimum stainless steel thickness of the cold-formed product as 
delivered to the job site shall not at any location be less than 95 per-
cent of the thickness, t, used in its design; however, thickness may be 




1. 4 . 1 Dead Load 
The dead load to be assumed in design shall consist of the weight of 
steelwork and all material permanently fastened thereto or supported 
thereby. 
1. 4.2 Live Load 
The live load shall be that stipulated by the applicable code or 
specification under which the str~cture is being designed or that dictated by 
the conditions involved. 
1.4.3 Impact Load 
For structures carrying live loads which induce impact, the assumed live 
load shall be increased sufficiently to provide for impact. 
1.4.4 Wind or Earthquake Loads 
Where load combinations specified by the applicable building code 
include wind. or earthquake loads, the resulting forces may be multiplied by 
0.75. 
1.4.5 Ponding 
Unless a roof surface is provided with sufficient slope toward points of 
free drainage or adequate individual drains to prevent the accumulation of 
rainwater, the roof system shall be investigated by rational analysis to 
assure stablity under ponding conditions. 
1.5 Structural Analysis and Design 
1. 5.1 Design Basis 
This Specification is based upon the allowable stress concept presented 
in terms of allowable moments and loads. The allowable moments and loads are 
determined by dividing the corresponding nominal capacities by an accepted 
factor of safety. 
6 
1.5.2 Yield Strength and Strength Increase from Cold Work of Forming 
1.5.2.1 Yield Strength 
The yield strength used in design, F , shall not exceed the specified y 
minimum yield strength, or as established in accordance with Section 6, or as 
increased for cold work of forming in Section 1.5.2.2. 
1.5.2.2 Strength Increase from Cold Work of Forming 
Except as permitted by this Section, allowable stresses shall be based 
upon the specified properties of the flat unformed material. Utilization, for 
design purpose, of any increase in material strength that results from a cold 
forming operation is permissible provided that the increase in strength 
obtained is for the kind of stress (tension or compression, transverse or 
longitudinal) that is to be imposed on the final product in service; and 
under the limitations prescribed in Sections 1.5.2.2.1 and 1.5.2.2.2. 
1.5.2.2.1 Type of Sections 
The provisions of Section 1.5.2.2 shall apply only to the following, 
regardless of whether the stress to be imposed on the member in service is in 
tension or compression: 
(a) Axially loaded members and flanges of flexural members, whose 
proportions are such that the quantity p is unity as determined according to 
Section 2.2 for each of the component elements of the section. This includes 
tubular members composed of flat elements. 
(b) Cylindrical tubular members in which the ratio D/t of outside 
diameter to wa11 thickness does not exceed O. 112E IF . 
o Y 
1.5.2.2.2 Limitations 
Application of the provisions of Section 1.5.2.2 shall be on the 
following basis: 
(a) Mechanical properties shall be determined on the basis of full 
section tests, in accordance with the provisions of Section 6.4. 
(b) Provisions shall apply only to the following Sections of the 
Specification: 
1.4.4 Wind or Earthquake Loads 
3.2 Tension Members 
3.3.1.1 Nominal Section Strength 
3.3.1.2 Lateral Buckling Strength 
3.4 Concentrically Loaded Compression Members 
3.5 Combined Axial Load and Bending 
3.6 Cylindrical Tubular Members 
Application of all other provisions of the Specification shall be based 
upon the properties of the unformed material. 
(c) The effect, on mechanical properties, of any welding or other 
applied process with potentially deleterious effect on the member, shall 
be determined on the basis of tests of full section specimens containing, 
within the gage length, such welding or other intended process. Any nec-
essary allowance for such effect shall be made in the structural design 
of the member. 
1.5.3 Serviceability 
A structure shall be designed to perform its required functions 
during its expected life. 
1.5.4 Design Tables and Figures 
The design tables (Tables Al through A19) and figures (Figures Al 
through A12) used in this Specification are given in Appendix A. 
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1.6 Reference Documents 
This Specification recognizes other published and latest approved 
specifications and manuals for design contemplated herein, as follows: 
1. American National Standards Institute, ANSI A58.1-1982, "Minimum 
Design Loads in Buildings and Other Structures," American National Standards 
Institute, Inc., CANSI), 1430 Broadway, New York, New York 10018 
2. Applicable standards of the American Society for Testing and 
Materials, CASTM), 1916 Race Street, Philadelphia, Pennsylvania 19013 
3. American Welding Society, AWS D1.3-81, "Structural Welding Code-
Sheet steel," American Welding Society, CAWS), 550 N. W. Lejeune Road, Miami, 
Florida 33126 
4. American Iron and Steel Institute, "Cold-Formed Steel Design 
Manual," 1986 Edition, American Iron and Steel Institute, CAISI), 1133 15th 
Street, N.W., Washington, D.C. 20005-2701 
9 
2. ELEMENTS 
2.1 Dimensional Limits and Considerations 
2.1.1 Flange Flat-Width-to-Thickness Considerations 
(a) Maximum Flat-Width-to-Thickness Ratios 
Maximum allowable overall flat-width-to-thickness ratios, wit, 
disregarding intermediate stiffeners and taking t as the actual thickness of 
the element, shall be as follows: 
(1) Stiffened compression element having one longitudinal edge 
connected to a web or flange element, the other stiffened by: 
Simple lip 50 
Any other kind of stiffener 
having I > I and D/w < 0.8 
s a 
according to Section 2.4.2 90 
(2) Stiffened compression element with 
both longitudinal edges connected 
to other stiffened elements 400 
(3) Unstiffened compression element 
and elements with an edge stiffener 
having I < I and Dlw < 0.8 
s a -
according to Section 2.4.2 50 
Note: Unstiffened compression elements with wit ratios larger than 
approximately 30 and stiffened compression elements that have wit ratios in 
excess of approximately 75 are likely to develop noti~eable out-of-plane 
distortions at the full allowable load. These distortions do not impair the 
load carrying capacity of the element; however, when it is necessary to 
minimize or prevent visible distortions for elements with large wit ratios, 
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Sections 3.3.1.1 and 3.4 stipulates the design requirements of local 
distortion for flexural and compression members, respectively. 
Stiffened elements having wit ratios larger than 400 may be used with 
safety to support loads, but substantial deformation of such elements under 
load may occur and may render inapplicable the design formulas of this 
Specification. 
(b) Flange Curling 
Provisions for limiting the amount of curling or the deflection of a 
tension or compression flange are given in Appendix B. 
(c) Shear Lag Effects-- Unusually Short Spans Supporting Concentrated Loads 
The effective design width of tension and compression flanges of beams 
supporting concentrated loads and having short spans shall be limited in 
accordance with Appendix C. 
2.1.2 Maximum Web Depth-to-Thickness Ratio 
The ratio, hit, of the webs of flexural members shall not exceed the 
following limitations: 
(a) For unreinforced webs: (h/t)max = 200 
(b) For webs which are provided with transverse stiffeners 
satisfying the requirements of Appendix D.l: 
(1) When using bearing stiffeners only, (h/t)max = 260 
(2) When using bearing stiffeners and intermediate stiffeners, 
In the above, 
(hit) = 300 
max 
h = Depth of flat portion of web measured along 
the plane of web 
t = Web thickness 
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Where a web consistl,i of two or more sheets, the hit ratio shall be 
computed for individual sheets. 
2.2 Effective Widths of Stiffened Elements 
2.2.1 Uniformly Compressed Stiffened Elements 
Ca) Load Capacity Determination 
The effective design width, b, of uniformly compressed elements shafl be 
determined from the following formulas: 
b = w 
b = pw 
when X < 0.673 





w = Flat width as shown in Figure 1 
p = (1 - 0.22/X)/X CEq. 2.2. 1-3) 
X is a slenderness factor determined as follows: 
X = (1.0S2/Yk)(w/t)( V f/ E 
o 
) CEq. 2.2.1-4) 
E = Initial modulus of elasticity as given in Tables A4 and AS 
o 
k = Plate buckling coefficient 
= 4.0 for stiffened elements supported by a web on each 
logitudinal edge. Values for stiffened elements with 
an edge stiffener or one intermediate stiffener are 
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Stiffened Elements with Uniform Compression 
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f for load capacity determination is as follows: 
3.4. 
For flexural members: 
(1) If Section 3.3.1.1 is used, f = F if the initial yielding y 
is in compression in the element considered. 
If the initial yielding is not in the compression element 
considered, then the stress shall be determined for the 
element considered on the basis of the effective section 
at M (moment causing initial yielding). y 
(2) If Section 3.3.1.2 is used, then the f = MclSf as described 
in that Section in determining S . 
c 
For compression members, f is taken to be F as determined in Section 
n 
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(b) Deflection Determination 
The effective design widths, bd , used in computing deflections shall be 
determined from the following formulas: 
when ~ < O. 673 
when ~ > O. 673 
where 
w = Flat width 
p = Reduction factor determined from Eqs. 2.2.1-3 
and 2.2.1-4 except that fd is substituted for f, 
where fd is the computed compression stress 
in the element being considered, and that the 
reduced modulus of elasticity, E , shall be 
r 
substituted for E in Eq. 2.2.1-4. 
o 
where 
Est = Secant modulus corresponding to the stress in 
the tension flange 
E = Secant modulus corresponding to the stress in 
sc 
the compression flange 
(Eq. 2.2.1-5) 
CEq. 2.2.1-6) 
CEq. 2. 2 . 1-7) 
Values of the secant moduli may be obtained from Tables A2 and A3 
or Figures Al and A2 in Appendix A. 
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2.2.2 Effective Widths of Webs and Stiffened Elements with Stress Gradient 
Ca) Load Capacity Determination 
The effective widths, b1 and b 2 as shown in Figure 2 shall be determined 
from the following formulas: 
where 
b1 = be /C3 - ~) 
For ~ ~ -0.236 
CEq. 2.2.2-1) 
CEq. 2.2.2-2) 
b1+b2 shall not exceed the compression portion of the web 
calculated on the basis of effective section 
For ~ > -0.236 
b = b - b 2 e 1 CEq. 2.2.2-3) 
b = Effective width b determined in accordance with Section 2.2.1 
e 
with f1 substituted for f and with k determined as follows: 
k CEq. 2.2.2-4) 
f 1,f2 = Stresses shown in Figure 2 calculated on the basis of 
effective section. 
f1 is compression C+) and f2 can be either tension C-) or compression. 
In case f1 and f2 are both compression, f1 ~ f 2 · 
Cb) Deflection Determination 
The effective widths in computing deflections at a given load shall be 
determined in accordance with Section 2.2.2a except that fd1 and fd2 are 
substituted for f1 and f 2 , where f d1 , fd2 = Computed stresses f1 and f2 as 
shown in Figure 2. Calculations are based on the effective section at the 
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Stiffened Elements with Stress Gradient and Webs 
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2.3 Effective Widths of Unstiffened Elements 
2.3.1 Uniformly Compressed Unstiffened Elements 
(a) Load Capacity Determination 
The effective widths, b, of unstiffened compression elements with 
uniform compression shall be determined in accordance with Section 2.2.1a 
with the exception that k should be taken as 0.5, and w is defined in 
Figure 3. 
(b) Deflection Determination 
The effective widths used in computing deflections shall be deter-
mined in accordance with Section 2.2.1.b except that k should be taken 
as 0.5. 
2.3.2 Unstiffened Elements and Edge Stiffeners with Stress Gradient 
(a) Load Capacity Determination 
-
Effective widths, b, of unstiffened compression elements and edge 
stiffeners with stress gradient shall be determined in accordance with 
Section 2.2.1a with f = f3 as in Figure 5 in the element and k = 0.5. 
(b) Deflection Determination 
Effective widths, b, of unstiffened compression elements and edge 
stiffeners with stress gradient shall be determined in accordance with 
Section 2.2.1b except that fd3 is substituted for f and k = 0.5. 
w 
(I 
Stressf "1/1 ( I: II! 1111111[====] 
(i. b .1 -----
I 
I Actual Element Effective Element and Stress 
on Effective Element 
Figure 3 Unstiffened Elements with Uniform Compression 
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2.4 Effective Widths of Elements with an Edge Stiffener 
or One Intermediate Stiffener 
The following notation is used in this section. 
S = 1.28~ 
o 
k = Buckling coefficient 
b = Dimension defined in Figure 4 
o 
d, w, D = Dimensions defined in Figure 5 
d = Reduced effective width of the stiffener as specified in this 
s 
section. d , calculated according to Section 2.4.2, is to be used 
s 
in computing the overall effective section properties 
(see Figure 5) 
d' = Effective width of the stiffener calculated according to 
~ 
Section 2.3.1 (see Figure 5) 
= Coefficients defined in Figures 4 and 5 
= Reduced area of the stiffener as specified in this section. 
A is to be used in computing the overall effective section 
s 
properties. The centroid of the stiffener is to be considered 
located at the centroid of the full area of the stiffener, and 
the moment of inertia of the stiffener about its own centroidal 
axis shall be that of the full section of the stiffener. 
I = Adequate moment of inertia of stiffener, so that each 
a 
component element will behave as a stiffened element. 
I ,A' = Moment of inertia of the full stiffener about its own centroidal 
s s 
axis parallel to the element to be stiffened and the effective 
area of the stiffener, respectively. For edge stiffeners the 
round corner between the stiffener and the element to be 
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Figure 5 Elements with Edge Stiffeners 
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stiffened shall not be considered as a part of the stiffener. 




AI = d l t 
s s 
2.4.1 Uniformly Compressed Elements with an Intermediate Stiffener 
Ca) Load Capacity Determination 
Case I: b It < S 
o -
I = 0 (no intermediate stiffener needed) 
a 
b = w 
A = AI 
S S 







b and A shall be calculated according to Section 2.2.1a 
s 
where k = 3-( I I I ) 172 + 1 < 4 
s a -
A = AI CI II ) < AI 
S S s a - s 
Case III: b It > 3S 
o 





b and A shall be calculated according to Section 2.2.1a 
s 
where k = 3 ( I I I ) 1/3 + 1 < 4 s a -
A = AI CI II ) < AI 
S S s a s 
Cb) Deflection Determination 
CEq. 2.4.1-10) 
CEq. 2.4.1-11) 
Effective widths shall be determined as in Section 2.4.1a except that fd 
is substituted for f. 
2.4.2 Uniformly Compressed Elements with an Edge Stiffener 
Ca) Load Capacity Determination 
Case I: wit < 5/3 CEq. 2.4.2-1) 
Case II: 
I = 0 Cno edge stiffener needed) 
a 
b = w 
d = d' for simple lip stiffener 
s s 
A = A' for other stiffener shapes 
s s 
8/3 < wit < 8 







= I II < 1 s a-
= 2 - C 2 
shall be calculated according to 
k = (4.82-5(D/w)] (I II )n + 0.43 
s a 
< 5.25 - 5(D/w) 
for 0.8 ~ D/w > 0.25 
k = 3.57(1 II )n + 0.43 < 4.0 
. s a 
forD/w ~ 0.25 
d = d' (I II ) < d' 
s s s a - s 
for simple lip stiffener 
A = A' (I II ) < A' 
s s s a s 
for other stiffener shape 
Case III: wit ~ S 










Section 2.2.1a where 
CEq. 2.4.2-9) 
CEq. 2.4.2-10)-
CEq. 2.4.2 -11) 
CEq. 2.4.2-12) 
CEq. 2.4.2-13) 
C1 , C2 , b, k, ds ' As shall be calculated per Case II with n = 1/3. 
(b) Deflection Determination 
Effective widths shall be determined as in Section 2.4.2a except. that fd 
is substituted for f. 
23 
2.5 Effective Widths of Edge Stiffened Elements with Intermediate Stiffeners 
or Stiffened Elements with More Than One Intermediate Stiffener 
For the determination of the effective width, the intermediate 
stiffener of an edge stiffened element or the stiffeners of a stiffened 
element with more than one stiffener shall be disregarded unless each 
intermediate stiffener has the minimum I as follows: 
where 
s 
I . = [3.66 y/(w/t)2 - (O.119E IF )]t 4 
mm 0 y 
(Eq. 2.5-1) 
but not less than 18.4t 4 
wit = Width-thickness ratio of the larger stiffened sub-element 
I = Moment of inertia of the full stiffener about its own 
s 
centroid axis parallel to the element to be stiffened 
(a) If the spacing of intermediate stiffeners between two webs is such 
that for the sub-element between stiffeners b < W as determined in Section 
2.2.1, only two intermediate stiffeners (those nearest each web) shall be 
considered effective. 
(b) If the spacing of intermediate stiffeners between a web and an edge 
stiffener is such that for the sub-element between stiffeners b < w as 
determined in Section 2.2.1, only one intermediate stiffener, that nearest 
the web, shall be considered effective. 
(c) If intermediate stiffeners are spaced so closely that for the 
elements between stiffeners b = w as determined in Section 2.2.1, all the 
stiffeners may be considered effective. In computing the flat-width to 
thickness ratio of the entire multiple-stiffened element, such element shall 
be considered as replaced by an "equivalent element" without intermediate 
stiffeners whose width, b
o
' is the full width between webs or from web to 




Isf = Moment of inertia of the full area of the multiple-stiffened 
element, including the intermediate stiffeners, about its own centroidal 
axis. The moment of inertia of the entire section shall be calculated 
assuming the "equivalent element" to be located at the centroidal axis of the 
multiple-stiffened element, including the intermediate stiffener. The actual 
extreme fiber distance shall be used in computing the section modulus. 
Cd) If wit> 60, the effective width, b , of the sub-element or element 
e 
shall be determined from the following formula: 
where 
b It = bit - 0.10(w/t - 60) 
e 
wit = Flat-width ratio of sub-element or element 
-
CEq. 2.5-3) 
b = Effective design width determined in accordance with the 
provisions of Section 2.2.1 
b = Effective design width of sub-element or element to be 
e 
used in design computations 
For computing the effective structural properties of a member having 
compression sub-elements or element subject to the above reduction in 
effective width, the area of stiffeners (edge stiffener or intermediate 
stiffeners) shall be considered reduced to an effective area as follows: 
For 60 < wit < 90: 
CEq. 2.5-4) 
where 
a = (3-2b Iw)-(1/30)(1-b Iw)(w/t) e e (Eq. 2.5-5) 
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For w/t ~ 90: 
A f = Cb /w)A t e e s CEq. 2.5-6) 
In the above expressions, Aef and Ast refer only to the area of the 
stiffener section, exclusive of any portion of adjacent elements. 
The centroid of the stiffener is to be considered located at the 
centroid of the full area of the stiffener, and the moment of inertia of the 
stiffener about its own centroidal axis shall be that of the full section of 
the stiffener. 
2.6 Stiffeners 
Provisions for the design of transverse stiffeners and shear stiffeners 
are given in Appendix D. 
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3. MEMBERS 
3.1 Properties of Sections 
Properties of sections (cross-sectional area, moment of inertia, 
section modulus, radius of gyration, etc.) shall be determined in accordance 
with conventional methods of structural design. Properties shall be based on 
the full cross section of the members (or net sections where the use of net 
section is applicable) except where the use of a reduced cross section, or 
effective design width, is required. 
3.2 Tension Members 
For axially loaded tension members, the applied tensile force shall not 
exceed T determined as follows: 
a 
where 
T = T /rl t a n 
T = Strength of member when loaded n 
= A F n y 
A = Net area of the cross section n 
in 
F = Specified yield strength as given y 
in Appendix A 





in Table Al 
When mechanical fasteners are used in connections for tension members, 




3.3 Flexural Members 
3.3.1 Strength for Bending Only 
In flexural members, the applied moment uncoupled from axial load, 
shear, and local concentrated forces or reactions shall not exceed the 
allowal:>le moment Ma calculated as follows: 
(Eq . 3. 3 . 1-1) 
where 
Mn = Smaller of the moment strengths calculated according to 
Sections 3.3.1.1 and 3.3.1.2 
2f = Factor of safety for bending 
= 1.85 
3.3.1.1 Nominal Section Strength 
Section strength, M , shall be calculated on the basis of initiation 
n 
of yielding in the effective section as follows: 
where 
M = S F 
n e y 
F = Specified yield strength as given in Table AI. y 
(Eq. 3.3.1.1-1) 
S = Elastic section modulus of the effective section calculated 
e 
with the extreme compression or tension fiber at F y 
When local distortions in flexural members under service loads must be 
limited, the allowable moment calculated in accordance with Eq. (3.3.1-1) 
shall not exceed the permissible moment determined by the compressive 
stresses, f b , and the elastic section modulus of the full, unreduced section, 
Sf' as follows: 
(Eq. 3.3.1.1-2) 
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(i) If small, barely perceptible amounts of local distortions are allowed: 
For stiffened compression elements 
fb=1.2F 
cr 
For unstiffened compression elements 
f = F b cr 
(ii) If no local distortions are permissible: 
where 
For stiffened compression elements 
fb = 0.9 F 
cr 
For unstiffened compression elements 
fb = 0.75F 
cr 




12(1-11 2 ) (wit) 2 




(Eq. 3 . 3. 1. 1-7 r 
~ = Plasticity reduction factor corresponding to the compression stress 
= \lEtIEo' for stiffened compression elements 
as given in Tables A6 and A7 or in Figures A3 and A4 
= E IE • for unstiffened compression elements 
s 0 
as given in Tables A8 and A9 or in Figures AS and A6 
k = Plate buckling coefficient as defined in Section 2 
P = Poisson's ratio in the elastic range = 0.3 
E = Initial modulus of elasticity (Tables A4 and A5) 
o 
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3.3.1.2 Lateral Buckling Strength 
For the laterally unbraced segments of doubly- or singly-symmetric 
* sections subject to lateral buckling, Mshall be determined as follows: 
n 
where 
M = M (S /Sf) 
n c c (Eq. 3.3.1. 2-1) 
Sf = Elastic section modulus of the full,unreduced section for 
the extreme compression fiber 
S = Elastic section modulus of the effective section calculated 
c 
at a stress Mc/S f in the extreme compression fiber 
M = Critical moment calculated according to (a), (b) or (c) below: 
c 
(a) For doubly-symmetric I-sections bent about the centroid axis 




Alternatively, Mc can be calculated by using Eq. 3.3.1.2-4. 
(b) For point-symmetric Z-sections bend about the centroid axis 
perpendicular to the web: 
< M y (Eq. 3.3.1.2-3) 
Alternatively, M can be calculated as half of the value given in 
c 
Eq. 3.3.1.2-4 with a maximum value of M . 
Y 
* The provisions of this Section apply to 1-, Z-, C- and other singly-
symmetric section flexural members (not including multiple-web deck, and 
closed box-type members, and curved or arch members). The provisions of 
this Section do not apply to laterally unbraced compression flanges of 
otherwise laterally stable sections. 
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(c) For singly-symmetric sections (x-axis is assumed to be the axis of 
symmetry) : 
(i) For bending about the symmetry axis (x-axis is the axis of symmetry 
oriented such that the shear center has a negative x-coordinate): 
M = Cbr A v1~ ~t c 0 ey < M Y (Eq. 3.3.1.2-4) 
Alternatively, M can be calculated by using Eq. 3.3.1.2-2 for 
c 
doubly-symmetric I-sections given in (a) above. 
(ii) For bending about the centroid axis perpendicular to the 
symmetry axis: 
M = C CbA~ [j+C Vj2+r 2(~t/~ )) < M 
c s ex s 0 ex y (Eq. 3. 3 . 1. 2 - 5 ) 
In the above, 
-
M = Moment causing initial yield at the extreme compression y 
fiber of the full section 
= SfFy 
L = Unbraced length of the member 
I = Moment of inertia of the compression portion of a section yc 
about the gravity axis of the entire section parallel to 
the web, using the full unreduced section 
C = + 1 for moment causing compression on the shear center 
s 
side of the centroid 
C = - 1 for moment causing tension on the shear center side 
s 
of the centroid 
a 
ex 
= [n 2EOI (K L Ir ) 2 ] (Et/E ) 
x x x 0 
= [n2Eo/(K L Ir )2 ] (Et/E ) y y y 0 
= [II (Aro 2)1 [q,J+n 2EO cr/ (KtLt ) 2}(Et/Eo) 
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(Eq. 3.3.1. 2-6) 
(Eq. 3.3.1. 2-7) 
(Eq. 3.3.1.2-8) 
A = Full cross-sectional area 
E = Initial modulus of elasticity (Tables A4 and A5) 
o 
d = Depth of section 
Et/Eo = Plasticity reduction factor corresponding to the stress, as given 
in Tables AID and Allor in Figures A7 and A8 
Cb = Bending coefficient which can conservatively be taken as 
unity, or calculated from 
where 
Ml is the smaller and M2 the larger bending moment at 
the ends of the unbraced length, taken about the strong 
axis of the member, . and where M1/M2, the ratio of end 
moments, is positive when MI and M2 have the same sign 
(reverse curvature bending) and negative when they are of 
opposite sign (single curvature bending). When the bending 
moment at any point within an unbraced length is larger than 
that at both ends of this length, and for members subject 
to combined axial load and bending moment (Section 3.5), Cb 


















K y' Kt 
L y' Lt 
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= Polar radius of gyration of the cross section about the 
shear center 
CEq. 3.3.1. 2 -9) 
= Radius of gyration of the cross section about the 
centroidal principal axes 
= Initial shear modulus (Tables A4 and AS) 
= Effective length factors for bending about the x- and 
y-axes, and for twisting 
= Unbraced length of compression member for bending about 
the x- and y-axes, anq for twisting 
= Distance from the shear center to the centroid along the 
principal x-axis, taken as negative 
= St. Venant torsion constant of the cross section 





3.3.2 Strength for Shear Only 
The shear force at any section shall not exceed the allowable shear, V , 
a 
calculated as follows: 
where 
V = 2.61E t 3 (G /G )/h < 0.61F ht 
a 0 s 0 yv CEq. 3.3.2-1) 
t = Web thickness 
h = Depth of the flat portion of the web measured 
along the plane of the web 
Eo = Initial modulus of elasticity (Tables A4 and AS) 
G /G = Plasticity reduction factor corresponding to shear stress, 
s 0 
as given in Table Al2 or in Figures A9 and AIO 
F = Shear yield strength of steel as given in Table Al yv 
Where the web consists of two or more sheets, each sheet shall be 
considered as a seperate element carrying its share of the shear force. 
3.3.3 Strength for Combined Bending and Shear 
For beams with unreinforced webs, the moment, M, and shear, V, shall 
satisfy the following interaction equation: 
(M/M )1 + CV/V )1 < 1.0 
a a-
(Eq. 3.3.3 -1) 
For beams with transverse web stiffeners, the moment, M, and shear, V, 
shall not exceed M and V , respectively. When M/M > 0.5 and V/V > 0.7, then 
a a a a 
M and V shall satisfy the following interaction equation: 
CEq. 3.3.3-2) 
In the above equations: 
M = Allowable moment when bending alone exists based on Section 3.3.1.1 
a 
excluding lateral buckling 
v = Allowable shear force when shear alone exists 
a 
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3.3.4 Web Crippling Strength 
These provisions are applicable to webs of flexural members subject to 
concentrated loads or reactions, or components thereof, acting perpendicular 
to the longitudinal axis of the member, acting in the plane of the web under 
consideration, and causing compressive stresses in the web. 
To avoid crippling of unreinforced flat webs of flexural members, 
concentrated loads and reactions shall not exceed the values of P given in 
a 
Table 1. 
The formulas in Table 1 apply when Nit ~ 210, Nih ~ 3.5 and for beams 
with Rlt $ 6 and deck with Rlt ~ 7. 
P represents the concentrated load or reaction for one solid web 
a 
connecting top and bottom flanges. For two or more webs, P shall be computed 
a 
for each individual web and the results added to obtain the allowable load or 
reaction for the multiple web. 
For built-up I-sections, or similar sections, the distance betweeen the 
web connector and beam flange shall be kept as small as practical. 
Opposing 
Loads 




Spaced ::!: 1.5h 
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TABLE 1 







Reaction Eq. 3.3.4-1 Eq. 3.3.4-2 
( I) 
Interior 
Reaction Eq. 3.3.4-4 Eq. 3.3.4-4 
(.) 
End 
Reaction Eq. 3.3.4-6 Eq. 3.3.4-6 
(II 
Interior 











Footnotes and Equation References to Table 1: 
(1) I-sections made of two channels connected back to back or similar 
sections which provide a high degree of restraint against rotation of the web 
(such as I-sections made by welding two angles to a channel). 
(2) At locations of one concentrated load or reaction acting either on the 
top or bottom flange, when the clear distance between the bearing edges of 
this and adjacent opposite concentrated loads or reactions is greater than 
l.sh. 
(3) For end reactions of beams or concentrated loads on the end of 
cantilevers when the distance from the edge of the bearing to the end of the 
beam is less than l.sh. 
(4) For reactions and concentrated loads when the distance from the edge of 
bearing to the end of the beam is equal to or greater than 1. sh. 
(5) At locations of two opposite concentrated loads or of a concentrated load 
and an opposite reaction acting simultaneously on the top and bottom flanges, 
when the clear distance between their adjacent bearing edges is equal to or 
less than 1. sh. 
Equations for Table 1 ': 
t 2C3C4Ce(165-0.30(h/t»(1+0.01(N/t» 
t 2C3C4Ce(10S-0.14(h/t»(l+O.Ol(N/t» 
(Eq. 3. 3 . 4 -1 ) 
(Eq. 3.3.4-2) 
When N/t > 60, the factor (1+0.01(N/t» may be increased to 
(0.71+0.01s(N/t» 










When N/t > 60, the factor (1+0.007(N/t» may be increased to 
(0.7s+0.011(N/t» 
t 2FyC5 CO.88+0.12m)(6.82+1.48 VN/t) 
t 2C3C4Ce (122-0.29(h/t»(1+0.01(N/t» 
t 2 F yC8 (0.64+0. 31m)(4. 55+0.57 v'N/t) 
t 2C1C2Ce (385-1.13(h/t»(1+0.0013(N/t» 
t 2F C7(0.82+0.15m)(6.82+1.48 VN/t) y . 







P = Allowable concentrated load or reaction per web, kips 
a 
C = (1.22-0.22k)k, when F < 91.5 ksi 1 y -
= 1.69, when F > 91.5 ksi y 
C2 = (1.06-0.66R/t) < 1.0 
C = (1.33-0.33k)k, when F < 66.5 ksi 3 y -
= 1.34, when F > 66.5 ksi y 
C4 = (1.15-0.15R/t) ~ 1.0 but not less than 0.5 
C5 = (1.49-0.53k) ~ 0.6 
C6 = 1 + (h/t)/750, when hit ~ 150 
= 1.20, when hit > 150 
C7 = l/k, when hit ~ 66.5 
= (1.10 - (h/t)/665)/k, when hit > 66.5 
C8 = (0.98 - (h/t)/865)/k 
C
e 






(Eq. 3. 3 . 4 -15 ) 
(Eq. 3.3.4-16)· 






F = Longitudinal compressive yield strength of the web, ksi 
y 
h = Depth of the flat portion of the web measured along the plane 
of the web 
k = Fy/33 
m = t/0.075 
t = Web thickness, inches 
CEq. 3.3.4-23) 
CEq. 3.3.4-24) 
N = Actual length of bearing, inches. For the case of two equal and 
opposite concentrated loads distributed over unequal bearing 
lengths, the smaller value of N shall be taken 
R = Inside bend radius 
9 = Angle between the plane of the web and the plane of the 
bearing surface ~ 45°, but not more than 90°. 
3.3.5 Combined Bending and Web Crippling Strength 
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Unreinforced flat webs of shapes subjected to a combination of bending 
and concentrated load or reaction shall be designed to meet the following 
requirements: 
For shapes having single unreinforced webs: 
(Eq. 3.3.5 -1) 
Exception: At the interior supports of continuous spans, the above 
formula is not applicable to deck or beams with two or more single webs·, 
provided the compression edges of adjacent webs are laterally supported in 
the negative moment region by continuous or intermittently connected flange 
elements, rigid cladding, or lateral bracing, and the spacing between 
adjacent webs does not exceed 10 inches. 
For shapes having multiple unreinforced webs such as I-sections made of 
two channels connected back-to-back, or similar sections which provide a high 
degree of restraint against rotation of the web (such as I-sections made by 
welding two angles to a channel); 
CEq. 3.3.5-2) 
Exception: When hit ~ 2.331 v'(Fy/Eo) and A < 0.673, the allowable 
concentrated load or reaction may be determined by Section 3.3.4. 
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In the above formulas, 
P = Concentrated load or reaction in the presence of bending moment 
P = Allowable concentrated load or reaction in the absence of bending 
a 
moment determined in accordance with Section 3.3.4 
M = Applied bending moment at, or immediately adjacent to, the point 
of application of the concentrated load or reaction 
Ma = Allowable bending moment if bending alone exists based on 
Section 3.3.1.1 excluding lateral buckling 
w = Flat width of the beam flange which contacts the bearing plate 
t = Thickness of the web or flange 
A = Slenderness factor given by Section 2.2.1 
3.4 Concentrically Loaded Compression Members 
This section applies to members in which the resultant of all loads 
acting on the member is an axial load passing through the centroid of the 
effective section calculated at the stress, F , defined in this section. 
n 
(a) The axial ·load shall not exceed P calculated as follows: 
a 
p = P /Q CEq. 3.4-1) 








= A F e n CEq. 3.4-2) 
= Effective area calculated at the stress F 
n 
= Factor of safety for axial compression 
= 2.15 
F is the least of the flexural, torsional and torsional-flexural 
n 
buckling stress determined according to Sections 3.4.1 through 
3.4.4. 
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(b) For C- and Z-shapes, and single-angle sections with unstiffened 
flanges, P shall be taken as the smaller of P calculated above and P 
n n n 
calculated as follows: 
where 
P = AF 
n cr 
A = Area of the full, unreduced cross section 
F = Critical buckling stress 
cr 
= 
12(1-1I %) (wit) % 
CEq. 3.4-3) 
(Eq. 3.4-4) 
n = Plasticity reduction factor corresponding to the compression stress 
= E IE , for unstiffened compression elements as given 
s 0 
in Tables A8 and A9 or Figures A5 and A6 
k = Plate buckling coefficient _ 
= 0.5 for unstiffened compression elements 
~ = Poisson's ratio in the elastic range = 0.3 
E = Initial modulus of elasticity (Tables A4 and A5) 
o 
w = Flat width of the unstiffened element 
t = Thickness of the unstiffened element 
(c) When local distortions in stiffened elements of compression 
members under service loads must be limited, the allowable load calculated 
in accordance with Eq. (3.4-1) shall not exceed the permissible load de-
termined by the compressive stresses, f b , and the area of the full, un-
reduced cross section, A, as follows: 
CEq. 3.4-5) 
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(i) If small, barely perceptible amounts of local distortions are 
where 
allowed: 
fb = 1.2 F cr 
(ii) If no local distortions are permissible: 




~ = Plasticity reduction factor corresponding to the compression stress 
= VEt/Eo' for stiffened compression elements as given 
in Tables A6 and A7 or Figures A3 and A4 
k = Plate buckling coefficient for stiffened elements 
as defined in Section 2 
E , ~, w, and t are as defined above. 
o 
(d) Angle sections shall be designed for the applied axial load, P, 
acting simutaneousiy with a moment equal to PL/1000 applied about the 
minor principal axis causing compression in the tips of the angle legs. 
(e) The slenderness ratio, KL/r, of all compression members prefer-
ably should not exceed 200, except that during construction only, KL/r 
preferably should not exceed 300. 
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3.4.1 Sections Not Subject to Torsional or Torsional-Flexural Buckling 
For doubly-symmetric sections, closed cross sections and any other 
sections which can be shown not to be subject to torsional or torsional-
flexural buckling, the flexural buckling stress, F , shall be determined as 
n 
follows: 
F = < F CEq. 3.4.1-1) n y 
CKL/r) 2 
where 
Et = Tangent modulus in compression corresponding to the buckling 
stress, Tables Al3 and Al4 or Figures All and Al2 
* K = Effective length factor 
L = Unbraced length of member 
r = Radius of gyration of.the full, unreduced cross section 
* In frames where lateral stability is provided by diagonal bracing, shear 
walls, attachment to an adjacent structure having adequate stability, or 
floor slabs or roof decks secured horizontally by walls or bracing systems 
parallel to the plane of the frame, and in trusses, the effective length 
factor, K, for compression members which do not depend upon their own bending 
stiffness for lateral stability of the frame or truss, shal be taken as 
unity, unless analysis shows that a smaller value may be usp-d. In a frame 
which depends upon its own bending stiffness for lateral stability, the 
effective length, KL, of the compression members shall be determined by a 
rational method and shall not be less than the actual unbraced length. 
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3.4.2 Doubly- or Point-Symmetric Sections Subject to Torsional Buckling 
For doubly- or point-symmetric sections which may be subject to 
torsional buckling, F shall be taken as the smaller of F calculated 
n n 
according to Section 3.4.1 and F calculated as follows: 
n 
F = a < F 
n t y 
where at is defined in Section 3.3.1.2. 
CEq. 3.4.2-1) 
3.4.3 ~~ngly-Symmetric Sections Subject to Torsional-Flexural 
Buckling 
For sections subject to torsional-flexural buckling, F shall be taken 
n 
as the smaller of F calculated according to Section 3.4.1 and F calculated 
n n 
as follows: 
F = [1/C2~)J [Ca +Ot)-/Ca +at)2-4~a at'] < F 
n· ex ex ex y CEq. 3.4.3-1) 
Alternatively, a conservative ~stimate of F can be obtained 
n 
using the following equation: 
F = a a ICa +a ) < F 
n t ex t ex y 
where at and a are defined in Section 3.3.1.2, and 
ex 
~ = 1- Cx Ir ) 2 
o 0 




For singly-symmetric sections, the x-axis is assumed to be the axis 
of symmetry. 
3.4.4 Nonsymmetric Sections 
For shapes whose cross sections do not have any symmetry, either about 
an axis or about a point, F shall be determined by rational analys is . 
. n 
Alternatively, compression members composed of such shapes may be tested in 
accordance with Section 6. 
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3.5 Combined Axial Load and Bending 
The axial force and bending moment shall satisfy the following 
interaction equations: 
PIPa + CmxMx/CMaxax) + CmyMy/CMayay) < 
PIP + M 1M + M 1M < 1.0 
ao x axo y ayo-
1.0 CEq. 3.5-1) 
CEq. 3.5-2) 
When PIP ~ 0.15, the following formula may be used in lieu of the 
a 
above two formulas: 
where 
PIP + M 1M + M 1M < 1.0 
a x ax y ay CEq. 3.5-3) 
P 








= Applied axial load 
= Applied moments with respect to the centroidal 
axes of the effective section determined for the axial 
-
load alone. For angle sections, M shall be taken y 
either as the applied moment or the applied moment 
plus PLI1000 whichever results in a lower value of P . 
a 
= Allowable axial load determined in accordance with 
Section 3.4 
= Allowable axial load determined in accordance with 
Section 3.4, with F = F 
n y 
= Allowable moments about the centroidal axes 
determined in accordance with Section 3.3 
M and M = Allowable moments about the centroidal axes determined 
axo ayo 
in accordance with Section 3.3.1, excluding the 
provisions of Section 3.3.1.2Clateral buckling) 
1/a , 1/a 





= l/(l-CQ PIP )] 
c cr 
CEq. 3.5-4) 




= Moment of inertia of the full, unreduced cross section 
about the axis of bending 
= Actual unbraced length in the plane of bending 
Kb = Effective length factor in the plane of bending 
C C 
mx' my = Coefficients whose value shall be taken as follows: 
1. For compression members in frames subject to joint translation 
(sideway) 
C = 0.85 
m 
2. For restrained compression members in frames braced against joint 
translation and not subject to transverse loading between their 
-
supports in the p.lane of bending 
(Eq. 3.5-6) 
where 
MI/M2 is the ratio of the smaller to the larger moment at the 
ends of that portion of the member under consideration which is 
unbraced in the plane of bending. MI/M2 is positive when 
the member is bent in reverse curvature and negative when 
it is bent in single curvature. 
3. For compression members in frames braced against joint translation 
in the plane of loading and subject to transverse loading 
between their supports, the value of C may be determined 
m 
by rational analysis. However, in lieu of such analysis, 
the following values may be used: 
(a) for members whose ends are restrained, C = 0.85 
m 
(b) for members whose ends are unrestrained, C = 1.0 
m 
3.6 Cylindrical Tubular Members 
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The requirements of this Section apply to cylindrical tubular members 
having a ratio of outside diameter to wall thickness, D/t, not greater than 
0.881E IF . 
o y 
3 . 6 . 1 Bending 
For flexural members, the actual moment uncoupled from axial load, 
shear, and local concentrated force or reaction 
calculated as follows: 
M = M IQ f a n 
where 
M = Nominal moment n 
Qf = Factor of safety for bending 
= 1. 85 
For D/t < 0.112E IF 
o Y 
Mn = FySf 
For 0.112E IF < D/t < 0.BB1E IF 
o y 0 Y 
where 
M = K F Sf n c y 
K = c 










CEq. 3.6. 1-3) 
CEq. 3.6.1-4) 
C = Ratio of the effective proportional limit-to-yield strength 
as given in Table A19 
x = 3.048C, the limiting value of CE IF )/(D/t) based on 
coy 
the specified ratio C 
Sf = Elastic section modulus of the full, unreduced cross section 
3.6.2 Compression 
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The requirements of this Section apply to members in which the resultant 
of all loads and moments acting on the member is equivalent to a single force 
in the direction of the member axis passing through the centroid of the 
section. 
The axial load shall not exceed P calculated as follows: 
a 
P = P IQ CEq. 3.6.2-1) 
a n c 
where 
P = A F 
n e n 
Q = Factor of safety for axial compression 
c 
= 2.15 







= [1 - (1 - (Et/Eo)2)CI - Ao/A))A 
= K A < A, for D/t ~ O.BBIE IF 
c y 
A = Area of the unreduced cross section 
CEq. 3.6.2 - 2) 
CEq. 3.6.2 - 3) 
Et/Eo = Plasticity reduction factor corresponding to the buckling stress, 
as given in Tables AlO and Allor in Figures A7 and AB 
K is defined in Section 3.6.1. 
c 
3.6.3 Combined Bending and Compression 
Combined bending and compression shall satisfy 
Section 3.5. 
3.7 Arc-and-Tangent Corrugated Sheets 
the provisions of 
When arc-and-tangent corrugated sheets are used for roofing, siding and 
curtain wall, the allowable bending moment may be taken as O.6FySf , where Sf 




The allowable load carrying capacity of arc-and-tangent corrugated 
sheets may be established in accordance with Section 6.2 "Tests for 
Determining Structural Performance. " 
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4. STRUCTURAL ASSEMBLIES 
4.1 Built-Up Sections 
4.1.1 I-Sections Composed of Two Channels 
The maximum permissible longitudinal spacing of welds or other 
connectors, s ,joining two channels to form an I -section shall be 
max 
(a) For compression members: 
where 
• = L r / 2rr max cy 
s = Longitudinal spacing of connections 
max 
L = Unbraced length of compression member 
CEq. 4.1.1-1) 
r = Radius of gyration of one channel about its centroidal 
cy 
axis parallel to the web 
r I = Radius of gyration of the I-section about the axis 
perpendicular to the direction in which buckling 
would occur for the given conditions of end 
support and intermediate bracing 
(b) For flexural members: 
s = L/6 
max 
In no case shall the spacing exceed the value 
s = 2gT /mq 
max s 
where 
L = Span of beam 




g = Vertical distance between the two rows of connections 
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nearest to the top and bottom flanges 
q = Intensity of load on the beam (For methods of 
determination, see below) 
m = Distance from the shear center of one channel to the 
mid-plane of its web 
m = (bt/12I ) x (6D(d)2+3(b)(d)2-8(D)3J 
x 
(Eq. 4. 1. 1-4 ) 
b = B - (t/2 + at/2) 
d = d - t 
D = aCD - t/2) 
B = Flange width 
d = Depth of channel or beam 
D = Depth of stiffening lip 
t = Thickness of channel section 
-
a = Coefficient, for sections with stiffening lips, a = 1.0; 
for sections without stiffening lips, a = O. 
I = Moment of inertia of one channel about its centroidal 
x 
axis normal to the web 
The intensity of load, q, is obtained by dividing the concentrated loads 
or reactions by the length of bearing. For beams designed for uniformly 
distributed load, the intensity, q, shall be taken equal to three times the 
intensity of the uniformly distributed design load. If the length of bearing 
of a concentrated load or reaction is smaller than the weld spacing, s, the 
required strength of the welds or connections closest to the load or 
reaction, P, is 
T = Pm/2g 
s 
CEq. 4.1.1-5) 
The maximum spacing of connections s depends upon the intensity of 
max 
the load directly at the connection. Therefore, if uniform spacing of 
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connections is used over the whole length of the beam, it shall be determined 
at the point of maximum local load intensity. In cases where this procedure 
would result in uneconomically close spacing, either one of the following 
methods may be adopted: (a) the connection spacing may be varied along the 
beam according to the variation of the load intensity; or (b) reinforcing 
cover plates may be welded to the flanges at points where concentrated loads 
occur. The shear strength of the connections joining these plates to the 
flanges shall then be used for T , and g shall be taken as the depth of the 
s 
beam. 
4.1.2 Spacing of Connections in Compression Elements 
The spacing, s, in the line of stress, of welds, rivets, or bolts 
connecting a compression cover plate or sheet to a non-integral stiffener or 
other element shall not exceed 
-(a) that which is required to transmit the shear between the connected 
parts on the basis of the design strength per connection specified elsewhere 
herein; nor 
(b) s = lo11t VEt/f, where t is the thickness of the cover plate or 
sheet, f is the stress at design loads in the cover plate or sheet, and Et 
is the tangent modulus in compression; nor 
(c) three times the flat width, w, of the narrowest unstiffened 
compression element tributary to the connections, but need not be less than 
lo03t yE /F if wit < O.sv'E7F , or lo24t IE IF if wit> 0.5/E/r , unless 
oy oy oy - oy 
closer spacing is required by (a) or (b) above. 
In the case of intermittent fillet welds parallel to the direction of 
stress the spacing shall be taken as the clear distance between welds plus 
one-half inch. In all other cases the spacing shall be taken as the center-
to-center distance between connections. 
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Exception: The requirements of this Section do not apply to cover sheets 
which act only as sheathing material and are not considered as load-carrying 
elements. 
4.2 Mixed Systems 
The design of members in mixed systems using cold-formed stainless steel 
components in conjunction with other material shall conform to this 
Specification and the applicable Specification of the other material. 
4.3 Lateral Bracing 
Braces shall be designed to restrain lateral bending or twisting of a 
loaded beam or column, and to avoid local crippling at the points of 
attachment. 
4.3.1 Symmetrical Beams and Columns 
Braces and bracing systems, including connections, shall be designed 
considering strength and stiffness requirements. 
4.3.2 Channel-Section and Z-Section Beams 
The following provisions fOT bracing to restrain twisting of channels 
and Z-sections used as beams loaded in the plane of the web, apply only when 
(a) the top flange is connected to deck or sheathing material in such a 
* manner as to effectively restrain deflection of the connected flange, or (b) 
neither flange is so connected. When both flanges are so connected, no 
further bracing is required. 
* Where the Specification does not provide an explicit method for design, 
further information should be obtained from the Commentary. 
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4.3.2.1 Bracing When One Flange is Connected 
Channel and Z-sections used to support attached covering material and 
loaded in a plane parallel to the web, shall be designed taking into account 
the restraining effects of the covering material and fasteners. Provisions 
shall be made for forces from each beam which may accumulate in the covering 
material. These forces shall be transferred from the covering material to a 
member or assembly of sufficient strength and stiffness to resist these 
forces. 
4.3.2.1.1 Type and Spacing of Braces 
The design of braces shall be in accordance with Section 4.3.2.2. In 
addition, tests in accordance with Section 6 shall be performed to insure 
that the type and/or spacing of braces selected is such that the test 
strength of the braced beam assembly is equal to or greater than the beam 
design strength times 1.85, instead of that required by Section 6. 
4.3.2.2 Neither Flange Connected to Sheathing 
Each intermediate brace, at top and bottom flange, sh~ll be designed to 
resist a lateral force PL determined as follows: 
(a) For a uniformly loaded beam, PL = 1.5K' times the load within a 
distance O. Sa each side of the brace. 
(b) For concentrated loads PL = 1.0K' times the concentrated load P 
within a distance 0.3a each side of the brace, plus a force F determined from 
the following formula, for each such concentrated load P located farther than 
0.3a, but not farther than 1.0a from the brace: 
F = (1.0/0.7) x (1 -x/a)PK' (Eq. 4.3.2.2-1) 
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In the above formulas: 
For channels: 
K' = mid CEq. 4.3.2.2-2) 
where 
m = Distance from shear center to mid-plane of the web, as 
specified in Section 4.1.1 
d = Depth of channel 
For Z-sections: 
where 
K' = I II 
xy x CEq. 4.3.2.2-3) 
I = Product of inertia of full section about centroidal axes 
xy 
parallel and perpendicular to web 
I = Moment of inertia of full section about centroidal axis 
x 
perpendicular to web 
For channels and Z-sections: 
x = Distance from cencentrated load P to brace 
a = Length of bracing interval 
Braces shall be designed to avoid local crippling at the points of 
attachment to the member. 
Braces shall be attached both to the top and bottom flanges of the 
sections at their ends, and at intervals not greater than one-quarter of the 
span length, in such a manner as to prevent tipping at the ends and lateral 
deflection of either flange in either direction at intermediate braces. If 
one-third or more of the total load on the beams is concentrated over a 
length of one-twelfth or less of the span of the beam, an additional brace 
shall be placed at or near the center of this loaded length. 
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Exception: When all loads and reactions on a beam are transmitted 
through members which frame into the section in such a manner as to 
effectively restrain the section against rotation and lateral displacement, 
no other braces will be required. 
4.3.3 Laterally Unbraced Box Beams 
For closed box-type sections used as beams subject to bending about the 
major axis, the ratio of the laterally unsupported length to the distance 
between the webs of the section shall not exceed O. 089E IF . 
o Y 
5. CONNECTIONS AND JOINTS 
5.1 General Provisions 
Connections shall be designed to transmit the maximum load in the 
connected member. Proper regard shall be given to eccentricity. 
5.2 Welded Connections 
All arc-welds shall comply with the provisions of "Structural 
welding Code- Sheet Steel," D1.3, of the American Welding Society, and 
revisions, except as otherwise specified herein and excepting such pro-
visions of that Code as are clearly not applicable to material of the type 
and thickness to which this specification applies. Welded connections 
shall not qe used for Type 430 stainless steel. 
Welders and welding procedures shall be qualified as specified in 
AWS D1.3. Filler metal shall conform with the requirements of: 
"Specification for Covered Corrosion-Resisting Chromium and 
Chromium-Nickel Steel Welding Electrodes," 
American Welding Society Specification A5.4-81, or 
"Specification for Corrosion-Resisting Chromium and Chromium-
Nickel Steel Bare and Composite Metal Cored and Stranded 
Welding Electrodes and Welding Rods," 
American Welding Society Specification A5.9-81. 
Allowable loads, P , for groove and fillet welds shall be determined 
a 
from Sections 5.2.1 and 5.2.2, respectively. Allowable loads for re-
sistance welds made in conformance with the procedures given in AWS 




5.2.1 Groove Welds in Butt Joints 
The allowable load in tension or compression for a groove weld in a butt 
joint, welded from one or both sides, shall be the least of the following 
three values, provided that an effective throat equal to or greater than the 
thickness of the material is consistently obtained. 
p = F A jQ 1 CEq. a y w w 
p = F A jQ CEq. a ua w w2 
P = F A jQ 3 CEq. a xx w w 
where 
F = Yield strength of connected stainless steel as given y 
in Table Al 
F = Tensile strength of the annealed base metal as given 
ua 
in Table A16 
F = Tensile strength of the weld metal as given in Table A15 
xx 
A = Cross section area of the thinner welded part w 
Q = 1.85, factor of safety for yielding w1 
Q = 2.50, factor of safety for fracture of the annealed w2 
base metal 






5.2.2 Fillet Welds 
The allowable shear load, P , on a fillet weld in lap or T-joints shall 
a 
not exceed the following: 
where 
Ca) For longitudinal loading: 
Pa = O.60FuatL/Qw2 
P = O.60F t L/Q 3 
a xx w w 
(b) For transverse loading: 
Pa = O.75FuatL/Qw2 
P = O.75F t L/Q 3 
a xx w w 
L = Length of fillet weld 
t = Thickness of thinnest connected sheet 
t = Effective throat = O.707t 
w 
F ,F ,Q 2 and Q 3 are defined in Section 5.2.1. 
ua xx w w 
CEq. 5.2.2 -1) 
CEq. 5.2.2-2) 
CEq. 5.2.2 - 3) 
CEq. 5.2.2-4) 
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5.2.3 Resistance Welds 
When Type 301, 304 or 316 sheets are joined by spot welding 
the allowable shear per spot shall be as follows: 
TABLE 2 
Allowable Shear Strength for Spot Welding 
* Thickness of Allowable Shear Strength 
Thinnest Outside per Spot, kips 
Sheet, in. Annealed & 1/4 Hard 1/2 Hard 
1/16 Hard 
0.006 0.024 0.028 0.034 
0.008 0.040 0.052 0.058 
0.010 0.060 0.068 0.084 
0.012 0.074 0.084 0.100 
0.014 0.096 0.100 0.128 
0.016 0.112 0.120 0.152 
0.018 0.128 0.144 . 0.188 
0.021 ·0.148 0.188 0.200 
0.025 0.200 0.240 0.272 
0.031 0.272 0.320 0.372 
0.034 0.320 0.368 0.440 
0.040 0.400 0.508 0.560 
0.044 0.480 0.580 0.680 
0.050 0.580 0.680 0.800 
0.056 0.680 0.800 0.980 
0.062 0.780 0.960 1.160 
0.070 0.960 1.120 1.420 
0.078 1.080 1.360 1.600 
0.094 1. 420 1.680 2.120 
0.109 1.680 2.000 2.560 
0.125 2.000 2.400 3.040 
1 in. = 25.40 !DID ; 1 kip = 4.448 kN 
* The allowable tensile strength per spot may cons~rvatively 
be taken as 25% of the allowable shear strength. 
When Type 301, 304 or 316 sheets are joined by pulsation welding, 
the allowable shear per spot shall be as follows: 
TABLE 3 








1 in. = 25.40 mm 
Allowable Shear Strength 












(The above values are based on "Recommended Practices for Resistance 
Welding," C1.1-66, American Welding Society, 1966, and are for a safety 
factor of 2.5. Values for intermediate thicknesses may be obtained by 
straight line interpolation. The values above may also be applied 
conservatively for Type 201. In all cases, welding shall be performed in 




5.3 Bolted Connections 
The following requirements govern bolted connections of cold-formed 
stainless steel structural members. 
Bolts shall be installed and tightened to achieve satisfactory 
performance of the connections involved under usual service conditions. 
The holes for bolts shall not exceed the sizes specified in Table 4, 
except that larger holes may be used in column base or structural systems 
connected to concrete walls. 
TABLE 4 
Maximum size of Bolt Holes 
Nominal Standard Oversized Short-Slotted Long-Slotted 
Bolt Hole Hole Hole Hole 
Diameter Diameter Diameter Diameter Diameter 
(d)(in. ) (in. ) (in. ) (in. ) (in. ) 
< 1/2 d+1/32 d+1/16 (d+1/32)by(d+1/4) (d+1/32)by(2 1 / 2 d) 
> 1/2 d+1/16 d+1/8 (d+l/16)by(d+l/4) (d+1/16)by(2 1 / z d) 
1 in. = 25.40 mm 
Standard holes shall be used in bolted connections, except that 
oversized and s lotted holes may be used as approved by the designer. The 
length of slotted holes shall be normal to the direction of the shear load. 
Washers or backup plates shall be installed over oversized or short-slotted 
holes in an outer ply unless suitable performance is demonstrated by load 
tests in accordance with Section 6. 
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5.3.1 Spacing and Edge Distance 
The distance, e, measured in the line of force from the center of a 
standard hole to the nearest edge of an adjacent hole or to the end of the 
connected part toward which the force is directed shall not be less than the 
value of e . determined below: 
ml.n 
where 
e. = e Q 
ml.n e 
e = P/CF t) 
u 
P = Force transmitted by bolt 
Q = Factor of safety for sheet tearing 
e 
= 2.4 
t = Thickness of thinnest connected part 




CEq. 5. 3 . 1-2) 
In addition, the minimum distance between centers of bolt holes shall 
provide sufficient clearance for bolt heads, nuts, washers and the wrench but 
shall not be less than 3 times the nominal bolt diameter, d. Also, the 
distance from the center of any standard hole to the end or other boundary of 
the connecting member shall not be less than 11/2d. 
For oversized and s lotted holes, the distance between edges of two 
adjacent holes and the distance measured from the edge of the hole to the end 
or other boundary of the connecting member in the line of stress shall not be 
less than the value of C e. - (cL /2)), in which e. is the required 
mm ~ mm 
distance computed from the above equation, and ~ is the diameter of a 
standard hole defined ,in Table 4. In no case shall the clear distance between 
edges of two adjacent holes be less than 2d and the distance between the edge 
of the hole and the end of the member be less than d. 
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5.3.2 Tension in Connected Part 
The tension force on the net section of a bolted connection shall not 
exceed T from Section 3.2 or P calculated as follows: 
a a 
p = P /rl t a n CEq. 5.3.2-1) 
where 
where 
A = Net section area 
n 
rl t = Factor of safety for tension on the net section 
= 2.40 
= (1.0 - O.9r + 3r d/s)F < F 
u - u 
C1.0 - r + 2.5 r d/s)F < F 
u - u 
for double shear 
for single shear 
CEq. 5.3.2-2) 
CEq. 5. 3 . 2 - 3 ) 
CEq. 5.3.2-4) 
r = The force transmitted by the bolt or bolts at the section 
considered, divided by the tension force in the member at 
that section. If r is less than 0.2, it may be taken 
equal to o. 
s = Spacing of bolts perpendicular to line of stress. In the case 
of a single bolt, s = width of sheet. 
F = Tensile strength of the connected sheet in the 
u 
longitudinal direction 
Ft = Nominal tension stress for connections with washers under 
both bolt head and nut 
d and t are defined in Section 5.3.1. 
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5.3.3 Bearing 
The bearing force shall not exceed P calculated as follows: 
a 
where 
P = P /rl.b a n 
P = F dt 
n p 
rl.b = Factor of safety for bearing 
= 2.40 
CEq. 5. 3 . 3 -1 ) 
CEq. 5.3.3-2) 
F = Nominal bearing stress for bolts with washers under both p 
bolt head and nut is determined as follows: 
Ca) Single shear connections 
F = 2.00F p u 
Cb) Double shear connections 
F = 2.75F p u 
d,t and F are defined in Section 5.3.1. 
u 
5.3.4 Shear and Tension in Bolts 
CEq. 5.3.3-3) 
CEq. 5.3.3-4) 
The bolt force resulting from shear, tension or combination of shear and 
tension shall not exceed the allowable bolt force, P , calculated as follows 
a 
CThe factor of safety is included in Tables A17 and A18): 
where 
~ = Gross cross-sectional area of bolt 
F is given by F , F , and F't in Tables A17 and A18. 
v t 
CEq. 5.3.4-1) 
When bolts are subject to a combination of shear and tension, the 
tension force shall not exceed the allowable force, P , based on F' as 
a t' 
given in Table AlB, where f , the shear stress produced by the same force, 
v 
shall not exceed the allowable value F given in Table A17. 
v 
5.4 Shear Rupture 
At beam-end connectins, where one or more flanges are coped and 
failure might occur along a plane through the fasteners, the shear force 

















= V /Q n v 
= O.6F A u wn 
= Cd - n~)t wc 
= Coped web depth 
= Number of holes in the critical plane 
= Hole diameter 
= Factor of safety for shear rupture 
= 2.22 







Tests shall be made by an independent testing laboratory or by a 
manufacturer's testing laboratory witnessed by a qualified professional 
engineer. 
6.1 Determination of Stress-Strain Relationships 
For stainless steels produced to other than ASTM Designations A666 and 
A240, the stress-strain relationship and mechanical properties used for the 
purpose of design shall be established on the basis of the tests required by 
ASTM A666 and A240 supplemented by the following test methods as applicable: 
"Tension Testing of Metallic Materials," ASTM Designation E8-8S 
"Compression Testing of Metallic Materials at Room Temperature," 
AS~ Designation E9-81 
"Young's Modulus, Tangent Modulus, and Chord Modulus," ASTM 
Designation E111-82 
"Verification and Classification of Extensometers," ASTM 
Designation E83-8S 
Statistical studies shall be made to insure that the mechanical 
properties so determined shall be those for which there is a 90 percent 
probability that they will be equalled or exceeded in a random selection of 
the material lot under consideration. ASTM Designation E10S-S8, "Probability 
Sampling of Materials," and E141-69, "Acceptance of Evidence Based on the 
Results of Probability Sampiing," may be used as guides for appropriate 
procedures. 
6.2 Tests for Determining Structural Performance 
Where the composition or configuration of elements, assemblies, 
connections, or details of structural members formed from sheet or strip 
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steel are such that calculation of their safe load-carrying capacity or 
deflection cannot be made in accordance with the provisions of this 
Specification, their structural performance shall be established from tests 
and evaluated in accordance with the following procedure. 
(a) Where practicable, evaluation of test results shall be made on the 
basis of the mean values resulting from tests of not fewer than three 
identical specimens, provided the deviation of any individual test result 
from the mean value obtained from all test does not exceed ± 10 percent. If 
such deviation from the mean exceeds 10 percent, at least three more tests of 
the same kind shall be made. The average of the three lowest values of all 
tests made shall then be regarded as the result of the series of tests. 
(b) The required load-carrying capacity shall be: 
R = DFD + LFL (Eq. 6.2-1) 
where D and L are the dead and live loads, respectively, D shall include 
the weight of the test specimen. FD and FL are the dead and live load factors 
specified below. R shall be taken as the largest applicable value determined 
as follows: 
(1) The minimum load-carrying capacity, R, shall be calculated from the 
formula 
R > 2D + 2L (Eq. 6.2-2) 
R shall be multiplied by 1.25 for stainless steels not listed in Section 
1.3.1. 
R may be divided by 11/3 when the loading consists of wind or earthquake 
loads alone, or in combination with dead, live, or snow loads, but shall not 
be less than R calculated for the combination of dead and live loads only, 
without wind or earthquake loads. 
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(2) The load at which distortions interfere with the proper functioning 
of the specimen in actual use shall not be less than: 
R > D + 1.5L (Eq. 6.2-3) 
(3) The load carrying capacity when limited by connection failure shall 
not be less than: 
R = 2.5D + 2.5L CEq. 6.2-4) 
Cc) If the yield strength of the stainless steel from which the tested 
sections are formed is larger t~an the specified value, the test results 
shall be adjusted down to the specified minimum yield strength of the 
stainless steel which the manufacturer intends to use. The test results shall 
not be adjusted upward if the yield strength of the test specimen is less 
than the minimum specified yield strength. Similar adjustments shall be made 
on the basis of tensile strength instead of yield strength where tensile 
strength is the critical factor. 
Consideration shall also be given to any variation or differences which 
may exist between the design thickness and the thickness of. the specimens 
used in the tests. 
6.3 Tests for Confirming Structural Performance 
The procedure and formulas specified in Section 6.2 are not applicable 
to confirmation tests on specimens whose capacities can be computed according 
to Sections 2 through 5, where the specification provides generally a safety 
factor of 1.85 except in the case of arc-and-tangent corrugated sheets used 
for roofing, siding, and curtain walls, for whi~h Section 3.7 permits either 
calculation with a safety factor of 1/0.6 or tests. A successful confirmatory 
test shall demonstrate a safety factor not less than that implied in the 
Specification for the type of behavior involved. 
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6.4 Tests for Determining Mechanical Properties of Full Sections 
Tests for determination of mechanical properties of formed sections to 
be used in Section 1. 5.2.2 shall be conducted on full formed sections as 
follows: 
(a) Tensile yield strength determinations shall be made by any of the 
methods described in the current edition of "Methods and Definitions for 
Mechanical Testing of Steel Products," ASTM Designation A370. 
(b) Compressive yield strength determinations shall be made by means of 
compression tests of short stub column specimens of the section, and shall be 
taken as either the maximum compressive strength of the section or the stress 
determined by the 0.2 percent offset method, whichever is reached first in 
the test. 
(c) Where the principal effect of the loading to which the member will 
be subjected in service will be to produce bending stresses, the yield 
strength to be used shall be the lower of the yield strengths determined in 
tension and in compression. In determining such yield strengths in flanged 
sections, tension and compression tests shall be made on specimens cut from 
the section. Each such specimen shall consist of one complete flange plus a 
portion of the web of such flat width ratio that the value of p for the 
specimen is unity. 
(d) For acceptance and control purposes two full section tests shall be 
made from each lot of not more than 50 tons nor less than 30 tons of each 
section, or one test from each lot of less than 30 tons of each section. For 
this purpose a lot may be defined as that tonnage of one section that is 
formed in a single production run of material from one heat or below. 
(e) At the option of the manufacturer, either tension or compression 
tests may be used for routine acceptance and control purposes, provided the 
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manufacturer demonstrates that values measured by the test used will reliably 
indicate the yield strength of the section for the type of steel used, when 
subjected to the kind of stress under which the member. is to be used. 
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APPENDICES 
Appendix A Design Tables and Figures 
The mechanical properties given in the following tables (Tables Al 






Types 201,301,304 and 316 Types 409, 430 
and 439 
Annealed 1/16 Hard 1/4 Hard 1/2 Hard * 
Longitudinal 30 40 + 45 75 110 30 
Tension 
Transverse 30 40 + 45 75 110 30 
Tension 
Transverse 30 40 + 45 90 120 30 
Compression 
Longitudinal 28 36 + 41 50 65 30 
Compression 
Shear Yield 17 23 + 25 42 56 17 
Strength, F yv 
1 ksi = 6.895 MPa 
* Types 304 and 316 stainless steels (1/2 hard temper) shall not be 
used for major structural members due to low ductility. 























Secant Moduli for Deflection Calculations 
(Types 201, 301, 304 and 316) 
Secant Modulus, E , ksix103 
s 
Longitudinal Compression Transverse Compression 
Annealed 1/4 Hard 1/2 Hard Annealed 1/4 Hard 1/2 Hard 
& 1/16 Hard & 1/16 Hard 
28.0 27.0 27.0 28.0 28.0 28.0 
28.0 27.0 27.0 28.0 28.0· 28.0 
28.0 27.0 27.0 28.0 28.0 28.0 
28.0 27.0 27.0 28.0 28.0 28.0 
24.8 27.0 27.0 28.0 28.0 28.0 
21.3 27.0 27.0 28.0 28.0 28.0 
18.5 26.2 26.7 27.7 28.0 28.0 
24.0 25.4 28.0 28.0 
21.3 24.2 28.0 28.0 
18.8 23.0 27.9 28.0 
16.9 21.8 27.8 28.0 
15.3 20.6 27.4 28.0 
13.9 19.4 27.0 28.0 
12.5 18.2 26.4 27.9 


























1 ksi = 
& 
TABLE A2 Ccont'd) 
Secant Moduli for Deflection Calculations 
(Types 201, 301, 304 and 316) 
Secant Modulus, E , ksix103 
s 
Longitudinal Tension Transverse Tension 
Annealed 1/4 Hard 1/2 Hard Annealed 1/4 Hard 1/2 Hard 
1/16 Hard & 1/16 Hard 
28.0 27.0 27.0 28.0 28.0 28.0 
28.0 27.0 27.0 28.0 28.0 28.0 
28.0 27.0 27.0 28.0 28.0 28.0 
28.0 27.0 27.0 28.0 28.0 28.0 
28.0 27.0 27.0 28.0 28.0 28.0 
28.0 27.0 27.0 28.0 28.0 28.0 
27.1 27.0 27.0 25.6 28.0 28.0 
27.0 27.0 28.0 28.0 
26.8 27.0 28.0 28.0 
26.1 27.0 27.9 28.0 
25.4 27.0 27.4 28.0 
24.6 26.8 26.8 28.0 
23.8 26.6 25.9 28.0 





















Secant Moduli for Deflection Calculations 
(Types 409, 430 and 439) 
Secant Modulus, E 
s' 
ksixl03 
Type 409 Types 430 
Long. Tran. Long. Tran. Long. Tran. 
Camp. Camp. Ten. Ten. Camp. Camp. 
27.0 29.0 27.0 29.0 27.0 29.0 
27.0 29.0 27.0 29.0 27.0 29.0 
27.0 29.0 27.0 29.0 27.0 29.0 
27.0 29.0 27.0 29.0 26.6 29.0 
26.8 29.0 26.9 29.0 25.3 29.0 
25.6 28.9 26.1 28.9 22.2 28.7 
21.5 27.1 22.4 27.1 17.3 26.4 
13.6 17.1 14.1 17.1 12.0 16.4 
6.5 4.8 6.2 4.8 7.7 5.2 
= 6.895 MPa 
Long. Camp. = Longitudinal Compression 
Tran. Camp. = Transverse Compression 
Long. Ten. = Longitudinal Tension 















Initial Moduli of Elasticity and Initial Shear Moduli 








G , ksix103 
o 





















Initial Moduli of Elasticity and Initial Shear Moduli 









G , ksix103 
o 














Plasticity Reduction Factors for Stiffened Elements 
(Types 201, 301, 304 and 316) 
VEt/Eo 
Stress --r;ongi tuainaI Compression Transverse Compression 
ksi Annealed 1/4 Hard 1/2 Hard Annealed 1/4 Hard 1/2 Hard 
& 1/16 Hard & 1/16 Hard 
0 1.00 1.00 1.00 1.00 1.00 1.00 
4 1.00 1.00 1.00 1.00 1. 00 1.00 
8 1.00 1.00 1.00 1.00 1.00 1. 00 
12 1.00 1.00 1.00 1.00 1. 00 1. 00 
16 0.77 1.00 1.00 1.00 1. 0'0 1. 00 
20 0.67 1.00 1.00 1.00 1.00 1.00 
24 0.58 0.79 0.98 0.81 1.00 1.00 
28 0.50 0.71 0.86 0.62 1.00 1.00 
32 0.65 0.80 1. 00 1. 00 
36 0.60 0.75 1.00 1. 00 
40 0.56 0.71 0.99 1. 00 
44 0.52 0.68 0.93 1.00 
48 0.48 0.64 ·0.88 1.00 
52 0.45 0.60 0.84 1.00 
56 0.57 0.80 0.97 
60 0.53 0.77 0.94 
64 0.50 0.73 0.91 
68 0.47 0.70 0.87 
1 ksi = 6.895 MPa 
TABLE A7 
Plasticity Reduction Factors for Stiffened Elements 
(Types 409, 430 and 439) 
VEt/Eo 
Stress Type 409 Types 430 and 439 
ksi Longitudinal Transverse Longitudinal Transverse 
Compression Compression Compression Compression 
0 1. 00 1. 00 1. 00 1. 00 
4 1. 00 1. 00 1. 00 1. 00 
8 1.00 1. 00 0.99 1. 00 
12 0.99 1. 00 0.96 1. 00 
16 0.96 1. 00 0.84 0.99 
20 0.81 0.96 0.66 0.94 
24 0.54 0.69 0.47 0.64 
28 0.30 0.28 0.33 0.28 
32 0.17 0.10 0.24 0.14 






































Plasticity Reduction Factors for Unstiffened Elements 
(Types 201, 301, 304 and 316) 
E /E 
s 0 
"---Longitudinal Compression Transverse Compression 
Annealed 1/4 Hard 1/2 Hard Annealed 1/4 Hard 1/2 Hard 
1/16 Hard & 1/16 Hard 
1.00 1.00 1.00 1.00 1.00 1.00 
1.00 1.00 1. 00 1.00 1. 00 1.00 
1.00 1.00 1. 00 1. 00 1.00 1. 00 
1.00 1.00 1. 00 1.00 1. 00 1.00 
0.89 1.00 1.00 1.00 1.00 1.00 
0.76 1.00 1.00 1.00 1.00 1.00 
0.66 0.97 0.99 0.99 1. 00 1.00 
0.57 0.89 0.94 0.86 1. 00 1. 00 
0.46 0.79 0.90 0.70 1.00 1. 00 
0.35 0.70 0.85 0.49 1.00 1. 00 
0.23 0.63 0.81 0.28 0.99 1. 00 
0.12 0.57 0.76 0.08 0.98 1. 00 
0.51 0.72 0.96 1.00 
0.46 0.67 0.94 0.99 
0.63 0.92 0.98 
0.59 0.89 0.97 
" 0.56 0.86 0.96 


















Plasticity Reduction Factors for Unstiffened Elements 
(Types 409, 430 and 439) 
E IE 
s 0 
Stress Type 409 Types 430 and 439 
ksi Longitudinal Transverse Longitudinal Transverse 
Compression Compression Compression Compression 
0 1. 00 1. 00 1. 00 1. 00 
4 1. 00 1. 00 1. 00 1. 00 
8 1. 00 1. 00 1. 00 1. 00 
12 1. 00 1. 00 0.99 1. 00 
16 0.99 1. 00 0.94 1. 00 
20 0.95 1. 00 0.82 0.99 
24 0.79 0.93 0.64 0.91 
28 0.50 0.59 0.44 0.56 
32 0.24 0.17 0.28 0.18 
1 ksi = 6.895 MPa 
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TABLE AID 
Plasticity Reduction Factors for Lateral Buckling Strength 
(Types 201, 301, 304 and 316) 
Et/Eo 
Stress Longitudinal Compression Transverse Compression 
ksi Annealed 1/4 Hard 1/2 Hard Annealed 1/4 Hard 1/2 Hard 
& 1/16 Hard & 1/16 Hard 
0 1.00 1.00 1.00 1. 00 1.00 1.00 
4 1.00 1.00 1.00 1.00 1. 00 1. 00 
8 1.00 1.00 1. 00 1. 00 1.00 1. 00 
12 1.00 1.00 1. 00 1.00 1. 00 1. 00 
16 0.60 1.00 1. 00 1.00 1.0.0 1.00 
20 0.45 1.00 1. 00 1.00 1.00 1.00 
24 0.34 0.63 0.96 0.66 1.00 1.00 
28 0.25 0.50 0.74 0.38 1.00 1.00 
32 0.16 0.42 0.64 0.21 1.00 1.00 
36 0.10 0.36 0.56 0.09 1.00 1.00 
40 0.05 0.31 0.51 0.04 0.98 1.00 
44 0.01 0.27 0.46 0.02 0.86 1.00 
48 0.23 0.41 0.78 1.00 
52 0.20 0.36 0.71 1. 00 
56 0.18 0.33 0.65 0.94 
60 0.15 0.29 0.59 0.88 
64 0.13 0.25 0.54 0.82 
68 0.11 0.22 0.49 0.77 
72 0.10 0.19 0.44 0.73 
76 0.17 0.39 0.68 
80 0.16 0.34 0.64 
84 0.14 0.29 0.60 
88 0.13 0.25 0.56 
92 0.12 0.20 0.53 
96 0.11 0.16 0.49 
100 0.11 0.13 0.46 
104 0.10 0.43 











1 ksi = 6.895 MPa 
TABLE All 
Plasticity Reduction Factors for Lateral Buckling Strength 
(Types 409, 430 and 439) 
Stress Type 409 Types 430 and 439 
ksi Longitudinal Transverse Longitudinal Transverse 
Compression Compression Compression Compression 
0 1. 00 1. 00 1. 00 1. 00 
4 1. 00 1. 00 1. 00 1. 00 
8 1. 00 1. 00 0.99 1. 00 
12 0.99 1. 00 0.92 1. 00 
16 0.93 1. 00 0.71 0.99 
20 0.66 0.93 0.43 0.89 
24 0.29 0.47 0.22 0.41 
28 0.09 0.08 0.11 0.08 
32 0.03 0.01 0.06 0.02 





Tangent Moduli for Design of Columns 
(Types 201, 301, 304 and 316) 
Tangent Modulus, Et' ksix10
3 
Stress Longitudinal Compression Transverse Compression 
ksi Annealed 1/4 Hard 1/2 Hard Annealed 1/4 Hard 1/2 Hard 
& 1/16 Hard & 1/16 Hard 
0 28.0 27.0 27.0 28.0 28.0 28.0 
4 28.0 27.0 27.0 28.0 28.0 28.0 
8 28.0 27.0 27.0 28.0 28.0 28.0 
12 28.0 27.0 27.0 28.0 28.0 28.0 
16 16.7 27.0 27.0 28.0 28.0 28.0 
20 12.5 27.0 27.0 28.0 28.0 28.0 
24 9.5 17.0 26.0 18.5 28.0 28.0 
28 7.0 13.5 20.0 10.7 28.0 28.0 
32 4.6 11.3 17.2 5.9 28.0 28.0 
36 2.7 9.7 15.2 2.5 28.0 28.0 
40 1.4 8.4 13.7 1.2 27.3 28.0 
44 0.4 7.2 12.4 0.6 24.0 28.0 
48 6.3 11.0 21.7 28.0 
52 5.5 9.8 19.9 28.0 
56 8.8 18.1 26.4 
60 7.7 16.6 24.5 
64 6.8 15.1 23.0 
68 6.0 13.7 21.5 
72 12.3 20.4 
76 10.9 19.1 
80 9.5 18.0 
84 8.2 16.9 
88 6.9 15.8 
92 5.7 14.8 
96 13.8 
100 12.8 

















1 ksi = 
TABLE A14 
Tangent Moduli for Design of Columns 
(Types 409, 430 and 439) 
Tangent Modulus, Et , ksix10
3 
Type 409 Types 430 
Longitudinal Transverse Longitudinal 
Compression Compression Compression 
27.0 29.0 27.0 
27.0 29.0 27.0 
27.0 29.0 26.7 
26.8 29.0 24.7 
25.1 28.9 19.1 
17.8 26.9 11.5 
7.7 13.6 6.0 
2.6 2.4 3.1 

















Tensile Strength of Weld Metal 








































1 ksi = 6.895 MPa 
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TABLE A16 
Tensile Strength of Annealed Base Metal 
Type Product Minimum Tensile 
Strength, ksi 
201 Plate,Sheet,Strip 90 (Class 1) 
& Flat Bar 95 (Class 2) 
301 Plate,Sheet,Strip 
& Flat Bar 90 
304,316 Plate,Sheet,Strip 
& Flat Bar 75 
409 Plate,Sheet,Strip 55 
430 Plate, Sheet ,Strip 65 
439 Plate,Sheet,Strip 65 
1 ksi = 6.895 MPa 
TABLE A17 


































1 in. = 25.4 mm 
Allowable Shear 





























b Condition A in ASTM A276-85a and Class 1 (solution treated) in ASTM 
A199/A193M-86, Hot-Finished 
c Condition A in ASTM A276-85a, Cold-Finished 
d Condition B(cold-worked) in ASTM A276-85a and Class 2 (solution treated 
and strain hardened) in ASTM A193/A193M-86, Cold-Finished 
For Class 2: B8MN in ASTM A193/A193M-86, the allowable shear stress is 22.0 
ksi when threading is excluded from the shear plane, or 15.0 ksi when threads 
are in the shear plane. 
* 
TABLE A18 
Allowable Tension Stress, FIt for Bolts 
Subject to a Combination of Shear and Tension 
Type 











1 ksi = 6.895 Mpa 
Threads Not Excluded 
from Shear Plane 
(ksi) 
31-1.8f < 25 
v -
38-1.8f < 30, 
v -
53-1.8f < 42 
v-
25-1. 8f < 20 
v-
Hot- or Cold-Finished 
Threads Excluded from 
Shear Plane 
(ksi) 
31-1.4f < 25 
v-
38-1.4f < 30 
v -
53-1.4f < 42 
v -





Ratio of the Effective Proportional Limit-to-Yield Strength 
Type of Effective Proportional Limit/Yield Strength 
Stress CFpr/Fy) 
Types 201, 301, 304, and 316 Type Types 430 
409 and 439 
Annealed 1/4-Hard 1/2-Hard 
& 1/16-Hard 
Longitudinal 0.67 0.50 0.45 0.76 0.70 
Tension 
Transverse 0.57 0.55 0.60 0.83 0.81 
Tension 
Transverse 0.66 0.50 0.50 0.83 0.82 
Compression 
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Figure Al Secant Moduli for Deflection Calculations 
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Figure A1 Secant Moduli for Deflection Calculations (cont'd) 
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Figure A2 Secant Moduli for Deflection Calculations 
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Figure A4 Plasticity Reduction Factors for Stiffened Compression 
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Figure AS Plasticity Reduction Factors for Unstiffened 
Compression Elements 
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Figure A6 Plasticity Reduction Factors for Unstiffened 
Compression Elements 
(Types 409, 430 and 439) 
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Plasticity Reduction Factors for Design of 
Laterally Unbraced Single Web Beams 
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Appendix B Flange Curling 
Where the flange of a flexural member is unusually wide and it is 
desired to limit the maximum amount of curling or movement of the flange 
toward the neutral axis, the following formula applies to compression and 
tension flanges, either stiffened or unstiffened: 
where 
wf = /0. 06ltdE If V(100cf/d) o av CEq. B-1)' 
wf = Width of flange projecting beyond the web; 
or half of the distance between webs for box- or U-type beams 
t = Flange thickness 
d = Depth of beam 
E = Initial modulus of elasticity, as given in Tables A4 and A5 
o 
* c f = Amount of curling 
f = Average stress in the full, unreduced flange width. (Where members 
av 
are designed by the effective.design width procedure, the average 
stress equals the maximum stress multiplied by the ratio of the 
effective design width to the actual width.) 
* The amount of curling that can be tolerated will vary with different 
kinds of sections and must be established by the designers. 
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Appendix C Shear Lag Effects 
Where the span of the beam is less than 30wf (wf as defined below) and it 
carries one concentrated load. or several loads spaced farther apart than 
2Wf • the effective design width of any flange, whether in tension or 
compression, shall be limited to the followings: 
TABLE C1 
Short, Wide Flanges -- Maximum Allowable Ratio 
of Effective Design Width to Actual Width 
L/wf Ratio L/wf Ratio 
30 1.00 14 0.82 
25 0.96 12 0.78 
20 0.91 10 0.73 
18 0.89 8 0.67 
16 0.86 6 0.55 
where 
L = Full span for simple beams; or the distance between inflection 
points for continuous beams; or twice the length of cantilever 
beams. 
= Width of flange projection beyond the web for I-beam and 
similar sections or half the distance between webs of box-
or U-type sections. 
For flanges of I-beams and similar sections stiffened by lips at the 
outer edges, wf shall be taken as the sum of the flange projection beyond the 
web plus the depth of the lip. 
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Appendix D Stiffeners 
D.1 Transverse Stiffeners 
Transverse stiffeners attached to beam webs at points of concentrated 
loads or reactions, shall be designed as compression members. Concentrated 
loads or reactions shall be applied directly into the stiffeners, or each 
stiffener shall be fitted accurately to the flat portion of the flange to 
provide direct load bearing into the end of the stiffener. Means for shear 
transfer between the stiffener and the web shall be provided according to 
Section 5. The concentrated load or reaction shall not exceed the smaller of 






P = P /0. t a n s 
P = F A 
n yw c 




A = 18t 2 +A , for transverse stiffeners at interior support 
c s 
and under concentrated load CEq. D-3) 
A = 10t 2 +A , for transverse stiffeners at end support CEq. D-4) 
c s 
F = Lower value of the yield strength in beam web F or yw y 
stiffener section F ys 
P = P /0. a n c (Eq. D-5) 
P = Nominal axial load evaluated according'to Section 3.4(a) 
n 
with Ae,replaced by ~ 
Q = Factor of safety for axial compression = 2.15 
c 
Ab = blt+As ' for transverse stiffeners 
and under concentrated load 
Ab = b2t+As ' for transverse stiffeners 
A = Cross-sectional area of transverse s 
b i = 2St[0.0024(Lst/t) + 0.72) < 25t 
b2 = I2t(0.0044(Lst/t) + 0.83J < I2t 
L = Length of transverse stiffener 
st 
t = Base thickness of beam web 
at interior 







The wit ratio for the stiffened and unstiffened elements of cold-
s . 
formed stainless steel transverse stiffeners shall not exceed 1.2811(E /F ) 
o ys 
and 0.37 VeE /F ), respectively, where F is the yield strength of 
o ys ys 
stiffener steel and t is the thickness of the stiffener steel. 
s 
D.2 Shear Stiffeners 
Where shear stiffeners are required, the spacing shall be such that the 
web shear force shall not exceed the allowable shear force, V , permitted by 
a 
Section 3.3.2, and the ratio a/h shall not exceed [260/(h/t)] 2 nor 3.0. 
The actual moment of inertia, I , of a pair of attached shear 
s 
stiffeners, or of a single shear stiffener, with reference to an axis in the 
plane of the web, shall have a minimum value of 
I . = 5ht 3 [h/a - 0.7(a/h)1 ~ Ch/50)4 
sm1n CEq. D-I0) 
The gross area of shear stiffeners shall be not less than 
Ast = o .5 (l-C ) (a/h - (a/h) 2/ (a/h+ y/1+(a/h) 2)) YDht CEq. D-ll) v 
where 
C = 45,000k /(F Ch/t)2] when C < 0.8 CEq. D-12) v v y v -
C = [190/(h/t)1 (vlk /F ) when C > 0.8 CEq. D-13) v v y v 
k = 4.00 + 5.34/(a/h)2 when a/h < 1.0 CEq. D-14) v 
k = 5.34 + 4.00/Ca/h)2 when alh > 1.0 
v 
a = Distance between transverse stiffeners 
CEq. D-15) 
Y = Ratio of the yield strength of web steel to yield strength of 
stiffener steel 
D = 1.0 for stiffeners furnished in pairs 
D = 1.8 for single-angle stiffeners 
D = 2.4 for single-plate stiffeners 
t and h are as defined in Section 2.1.2 
D.3 Non-Conforming Stiffeners 
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The allowable load carrying capacity of members with transverse 
stiffeners that do not meet the requirements of Appendix D, such as stamped 
or rolled-in transverse stiffeners shall be determined by tests in accordance 
with Section 6 of this Specification. 
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Cold-formed stainless steel sections have long been used architec-
turally in building construction due to their superior corrosion resist-
ance, ease of maintenance, and pleasing appearance. Typical applications 
include curtain wall panels, mullions, door and window framing, roofing 
and siding, fascia, gutters, railing, and stairs. Other uses include 
arches, street lamp poles, railroad passenger and specialty cars. 1 Some-
times, stainless steel sheets may be used as facing material for composite 
sections. 
Prior to 1968, the application of cold-formed stainless steel 
sections as structural members in building construction has been limited 
due to the lack of an appropriate design specification. This is because 
the AISI Specification2 for carbon steel design does not ap.ply to the 
design of stainless steel members due to the dif,ferences in strength 
properties, modulus of elasticity, and the shape of the stress-strain 
curve. For this reason an extensive research project has been conducted 
at Cornell University under the direction of Dr. George Winter. The ob-
jectives of the research were to investigate the structural behavior of 
stainless steel members and to develop factual information needed for the 
formulation of a separate specification. 
The potential for use of stainless steel sections as structural 
members for load-carrying purposes has been increased since the publica-
tion of the First Edition of the Specification for the Design of Light 
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Gage Cold-Formed Stainless Steel Structural Members by American Iron and 
Steel Institute in 1968. 3 However, the scope of the 1968 Specification 
was limited only to the design of annealed AISI Types 201, 202, 301, 
302, 304 and 316. The design provisions included in the First Edition of 
the Specification were based mainly on the extensive investigation con-
ducted by Johnson and Winter at Cornell University4,5 and the accumulated 
experience in the design of cold-formed carbon steel structural 
members. 2 The mechanical properties of stainless steels used in struc-
tural applications are summarized in Reference 6. 
Because the 1/4- and 1/2- hard temper grades of stainless steels are 
often used in various applications due to their higher strength than 
annealed grades, additional research work has been conducted by Wang, 
E T d P . h t C 11 U· . 7,8,9 f h· . rrera, ang an . 0POW1C a orne n1vers1ty to urt er 1nvest1-
gate the performance of structural members cold formed from cold-rolled 
austenitic stainless steels. The strengths of bolted and welded con-
nections in stainless steel have also been studied in detail. Based on 
the findings of these continued studies, the Second Edition of the AISI 
SpecificationlO was prepared at the University of Missouri-Rolla and is-
sued by the Institute in 1974, in which the scope was extended to include 
the design of structural members cold formed from sheet, strip, plate or 
flat bar stainless steels, annealed and cold rolled in 1/4- and 1/2- hard 
tempers. 
In 1987, the ASCE Standard Specification for the Design of Cold-
Formed Stainless Steel Structural Members was prepared at the University 
of Missouri-Rolla under the sponsorship of American Society of Civil En-
gineers. The current Standard is essentially a revised version of the 1974 
Edition of the AISI Specification updated on the basis of the results 
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of recent investigations conducted in the field of cold-formed carbon 
11 
steel structures and the reevaluation of previous tests using 
stainless steels. It provides allowable design rules for AISI Types 201, 
301, 304, 316, 409, 430, and 439 stainless steels, annealed and cold 
rolled in 1/16-, 1/4-, and 1/2- hard tempers. 
This Commentary is intended to facilitate the use, and provide an 
understanding of the background, of the Standard Specification for the 
Design of Cold-Formed Stainless Steel Structural Members. This is accom-
plished through the integrated bibliography as well as brief substantive 
discussions. Some discussions are based on References 10 and 11 with ap-
propriate modifications. In this Commentary, the individual sections, 
equations, figures and tables are identified by the same notation as in 
the Specification and the material is presented in the same sequence. 
1. GENERAL 
1.1 Limits of Applicability and Terms 
1.1.1 Scope and Limits of Applicability 
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This Specification is limited to the use of Types 201, 301, 304, 316, 
409, 430 and 439 stainless steels for structural members cold-formed to 
shape from sheet, strip, plat~ or flat bar, annealed and cold-rolled in 
1/16-, 1/4- and 1/2- hard tempers. The forming process is carried out at, 
or near, room temperature by the use of bending brakes, press brakes or 
roll-forming machines. 
Some of the significant differences in material properties between 
cold-fromed stainless steels and carbon steels are: (1) pronounced 
anisotropic characteristics, (2) difference in stress-strain relation-
ships for different grades of stainless steels, (3) low proportional 
limits, and (4) pronounced response to cold work. 
The design provisions are developed primarily for cold-formed 
stainless steel structural members used for buildings. It may also be used 
for structures other than buildings provided that appropriate allowances 
are made for dynamic effects. The general information on impact loading 
of thin-walled beams and columns can be found in References 12 to 15. 
It should be noted that the Specification for the Design of Cold-
Formed Steel Structural Members issued by the American Iron and Steel 
Institute and the Specification for the Design, Fabrication and Erection 
of Structural Steel for Building~16 issued by the American Institute of 






I-Beam Made of Two lipped 
Channela Ba<:k-to-8ac:k 
bt --=;r"""1"Ir-T" 
"'--::1..-1.1.. ____ _ 
(5) 
Box-Type Section Inverted 
"U"-Type Section 
FIeIcuraI Members, Such as Beams (Top Aange in Con1p!8ssion) 
(6) 
Lipped Channel 






Com......,., Membera, IUCh .. Columna 
(3) 
Hat-5ectlon 
Figure Cl Members with Stiffened Compression Elements 
118 
119 
1.1. 2 Terms 
The notations and symbols used in the Specification for the Design 
of Cold-Formed Stainless Steel Structural Members are mostly the same as 
th d · th AISI 1986 S . f· . 11 f h d· f ld f d ose use 1n e pec1 1cat10n or t e eS1gn 0 co - orme 
carbon steels, except that some minor editorial changes have been made 
in this edition of the Specification for stainless steel design. 
Many of the definitions used in Section 1.1.2 are self-explanatory. 
The following discussion intends to clarify the meaning of some terms used 
in the Specification. 
(a) Stiffened or Partially Stiffened Compression Elements 
"Stiffened compression element" is a flat compression element sup-
ported along both edges parallel to the direction of stress. Figure C1 
shows various shapes used as flexural members and compression members 
which contain stiffened compression elements. Shapes (1) and (2) each 
has a web and a lip to stiffen the compression flange. For design purpose, 
the ineffective portion is shown shaded. For the explanation of these 
ineffective portions, see Item (d) below on Effective Design Width and 
Section 2. Shapes (3), (4), and (5) show compression flanges stiffened 
by two webs. Shapes (6) and (8) show edge stiffened flange elements that 
have a vertical element (web) and an edge stiffener (lip) to stiffen the 
elements while the web itself is stiffened by the flanges. Shape (7) has 
four compression elements stiffening each other, and Shape (9) has two 
stiffened leg elements stiffened by a lip and the other stiffened element. 
(b) Unstiffened Compression Elements 
"Unstiffened compression element" is a flat compression element 
supported along only one edge parallel to the direction of stress. Figure 
C2 shows various shapes used as flexural members and compression members 
b;1 b, 
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which contain unstiffened compression elements. Shapes (1), (2), and (3) 
have only a web to support the compression flange element. The legs of 
Shape (4) provide mutual stiffening action to each other along their 
common edge. Shapes (5), ( 6), and ( 7) us ed as co 1 umns have vert ica 1 
stiffened elements (webs) which provide support for one edge of the un-
stiffened flange elements. The legs of Shape (8) provide mutual stiffening 
action to each other. 
(c) Multiple-Stiffened Elements 
Multiple-stiffened elements of two shapes are shown in Figure C3. 
Each of the two outer sub-elements of Shape (1) are stiffened by a web 
and an intermediate stiffener while the middle~_ub-element is stiffened 
by two intermediate stiffeners. The two sub-elements of Shape (2) are 
stiffened by a web and the attached intermediate middle stiffener. 
(d) Effective Design Width 
The effective design width is a concept taking account of local 
buckling and post-buckling strength for compression elements. In Figures 
C1, C2 and C3, "w", "wI", "w2" and "w3" represent the flat widths and "b", 
"b" "b" "b II and "b'" represent the effective design widths. The 
I' 2' 3 
effect of shear lag on short, wide falnges is also handled by using an 
effective design width. These matters are treated in Appendix C of the 
Specification, and the corresponding effective widths are discussed in 
the Commentary on that Section. 
1.1.3 Units of Symbols and Terms 
The non-dimensional character of the majority of the Specification 
provisions is intended to facilitate design in any compatable system of 
units (U.S. customary, SI, or metric). It will also simplify the conver-
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1.2 Non-Conforming Shapes and Constructions 
The official having jurisdiction (authority) may approve any alter-
nate shape of constructions provided the proposed alternate is satisfac-
tory and complies with the provisions of Section 6 of the Specification 
and the particular building code. 
If there is insufficient evidence of compliance with the require-
ments of the particular building code, the authority administering the 
code may require tests, at the applicant's expense, as proof of compli-
ance. Test procedures shall be as stipulated by Section 6 of the Spec-
ification. If there is no recognized or accepted test method, the 
authority may prescribe appropriate test procedures. 
1.3 Material 
1.3.1 Applicable Stainless Steels 
The American Society for Testing and Materials (ASTM) is the basic 
source of stainless steel designations for this· Specification. Section 
1.3.1 contains a list of ASTM Standards for stainless steels that are 
designed by using this Specification. 
The current Specification is now applicable for Types 201, 301, 304, 
316, 409, 430, and 439 stainless steels, among which Types 201, 301, 304, 
and 316 are austenitic stainless steels and Types 409, 430, and 439 are 
ferritic stainless steels. The maximum thicknesses for Types 409, 430 and 
439 stipulated in this Specification are based on their ductile-to-
brittle transition temperature (DBTT) at room temperature or lower. 
The important structural properties for design are: yield strength, 
tensile strength, proportional limit, initial modulus of elasticity, 
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Standard methods for testing of steels and steel products are given 
in ASTM A370. 23 Determination of yield strengths or proportional limits 
for gradual yielding stainless steels can be done simply by using the 
offset method as shown in Figure C4. The distance om equals to 0.002 
in.jin. or 0.0001 in.jin. for determining yield strength or proportional 
limit, respectively. 
The ASTM Specification A1.76-85a17 contains Types 409 and 430 stain-
less and heat-resisting chromium steel plate, sheet and strip. The me-
chanical properties of Types 409 and 430 stainless steels specified in 
ASTM A176-85a are given in Table C1 of the Commentary. The mechanical 
properties of Type 439 stainless steel obtained from the ASTM Specifica-
tion A240-86 18 are also included in Table C1. Type 439 is a stabilized 
version of Type 430 for weldabi1ity. 
The ASTM Specification A276-8Sa19 covers stainless and heat-
resisting steel hot-fihished or cold-finished bars and hot-rolled or 
extruded shapes. This ASTM Specification includes AISI Types 201, 304, 
316, and 430 stainless steels used in this Specification. 
The ASTM Specification A666-8420 covers four types of austenitic 
stainless steels (Types 201, 301, 304 and 316) in the annealed, 1/16-, 
1j4- and 1j2- hard temper conditions. These stainless steels include 
sheet, strip, plate and flat bar which are used primarily for architec-
tural and structural applications. The mechanical properties of these 
stainless steels specified in ASTM A666-84 are given in Table C2. 
The austenitic stainless steels used in architectural applications 
usually require a flattening operation as a last step in processing. This 
operation is almost always accomplished by a light cold rolling pass. 
Sometimes this operation is done by roller leveling or, in the case of 
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TABLE Cl 
ASTM Requirements for Mechanical Properties of Types 409,430 and 439 17 ,18 
UNS AISI Tensile Yield * Elongation 
Designation Type Strength Strength in 2 in. 
min. min. min. 
(ksi) (ksi) (%) 
S40900 409 55 30 22.0 
S43000 430 65 30 22.0 
S43035 439 65 30 22.0 
1 ksi = 6.895 MPa; 1 in. = 25.40 mm 
* The yield strength is determined by the 0.2% offset method 
described in Methods and Definitions, ASTM A370. 
UNS 
TABLE C2 
ASTM Requirements for Mechanical Properties 
of Types 201, 301, 304 and 31620 
AISI Tensile Yield Elongation 
Designation Type Strength Strength in 2 in. 
min. min. min. 
(ksi) (ksi) (%) 
Annealed 
S20100 201-1 90 30 40.0 
Class 1 
S20100 201-2 95 45 40.0 
Class 2 
S30100 301 90 30 40.0 
S30400 304 75 30 40.0 
S31600 316 75 30 40.0 
1/16 Hard 
S20100 PSS * 201 95 45 40.0 
FB ** 75 40 40.0 
S30100 301 90 45 40.0 
S30400 PSS 304 80 45 35.0 
FB 90 45 40.0 
S31600 PSS 316 85 45 35.0 
FB 90 45 40.0 
1/4 Hard 
S20100 201 125 75 25.0 
S30100 301 125 75 25.0 
S30400 304 125 75 10.0 
S31600 316 125 75 10.0 
1/2 Hard 
S20100 201 150 110 15.0 
S30100 301 150 110 15.0 
S30400 304 150 110 6.0 
S31600 316 150 110 6.0 
1 ksi = 6.895 MPa; 1 in. - 25.40 mm 
* 
PSS means plate, strip, sheet. 
** 
FB means flat bar. 
Note: 
This specificaiton defines minimum properties only and does 
not imply a range. 
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cut length sheets, by stretching. This flattening operation results in a 
small reduction in thickness. 
Because austenitic stainless steels are very sensitive to cold 
working, this will result in a slight directionality increasing the yield 
and tensile strengths and producing changes in the shape of stress-strain 
curves. To take this improvement of mechanical properties into account, 
experimental studies have been made on sheets in the strain flattened 
condition. 4 Table C3 lists the tested ultimate and yield strengths of the 
strain flattened condition of the annealed austenitic stainless steels. 
For 1/4- and 1/2- hard temper austenitic stainless steels, exper-
imental studies have also been made to establish the mechanical properties 
for various types of stress in various directions. 7 Tables C4 and CS list 
the tested ultimate and yield strengths and the effective proportional 
limits for these stainless steels. 
From Tables C3, C4 and CS, it can be seen that for the same stainless 
steel, the yield strength varies with the direction and the type of 
stress. However, in the ASTM A666-84 Specification referred to in Section 
1.3.1 of the Specification, only the minimum values for transverse tension 
are provided. A comparison of the tested yield strengths indicates that 
the tensile yield strength in transverse direction is a value between the 
compressive yield strengths in the transverse and longitudinal di-
rections. The compression yield strength in longitudinal direction is the 
lowest value as compared with other cases. 
The tested ultimated and yield strengths of Types 409 and 430, 
annealed and cold rolled stainless steels, given in Tables C6 and C7, 
respectively, were established on the basis of Reference 21. From these 
two tables, it is noted that Types 409 and 430 ferritic stainless steels 
TABLE C3 
Mechanical Properties of Annealed and Strain Flattened 
Type 304 Austenitic Stainless Stee14 ,10 
Type of Tested Tested Recommended Effective 
Stress Ultimate Yield Yield Proportional 
Strength Strength Strength Limit 
(ksi) (ksi) (ksi) (ksi) 
Longitudinal 94.6 38.0 37.0 24.7 
Tension 
Transverse 91.1 36.0 37.0 21. 6 
Tension 
Transverse 37.5 37.0 24.4 
Compression 
Longitudinal 34.5 34.0 15.5 
Compression 
1 ksi = 6.895 MPa 
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TABLE C4 
Mechanical Properties of 1/4-Hard Temper 
Type 301 Austenitic Stainless Stee1 7 ,20 
Type of Tested * Tested ** Recommended Effective 
Stress Ultimate Yield Yield Proportional 
Strength Strength Strength Limit 
(ksi) (ksi) (ksi) (ksi) 
Longitudinal 137..9 77 .5 75.0 37.5 
Tension 
Transverse 137.0 78.0 75.0 41. 3 
Tension 
Transverse 94.5 90.0 45.0 
Compression 
Longitudinal 52.5 50.0 25.0 
Compression 
1 ksi = 6.895 MPa 
* For 1/4-hard Type 301 stainless steel, Reference 7 
recommends a value of 130 ksi. Reference 20 requires 
a minimum strength of 125 ksi for plate, sheet, strip 
and flat bar of Types 201, 301, 304 and 316. 
** Based on 95 % probability. 
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TABLE C5 
Mechanical Properties of 1/2-Hard Temper 
Type 301 Austenitic Stainless Stee1 7 ,20 
Type of Tested * Tested ** Recommended Effective 
Stress Ultimate Yield Yield Proportional 
Strength Strength Strength Limit 
(ksi) (ksi) (ksi) (ksi) 
Longitudinal 167.0 108.2 110.0 49.5 
Tension 
Transverse 168.1 100.0 100.0 60.0 
Tension 
Transverse 121. 3 120.0 60.0 
Compression 
Longitudinal 70.5 65.0 31.5 
Compression 
1 ksi = 6.895 MPa 
* For 1/2-hard Type 301 stainless steel, Reference 7 
recommend a value of 150 ksi. Reference 20 requires 
a minimum strength of 150 ksi for plate, sheet, strip 
and flat bar of Types 201, 301, 304 and 316. 
** Based on 95 % probability. 
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TABLE C6 










































* For Type 409 ferritic stainless steel, Reference 17 requires 
a minimum strength of 55 ksi for plate, sheet and strip. 
** Based on 95 % probability. 
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TABLE C7 










































* For Type 430 ferritic stainless steel, Reference 17 requires 
a minimum strength of 65 ksi for plate, sheet and strip. 
** Based on 95 % probability. 
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provide a relatively high ratio of proportional limit-to-yield strength 
in both transverse tension and compression than those listed in Tables 
C3, C4 and C5 for austenitic stainless steels. Table C8 summarizes the 
mechanical properties of Types 409 and 439 based on the statistical data 
obtained from Allegheny Ludlum Steel. 22 
1.3.2 Other Stainless Steels 
Al though the use of ASTM-designated stainless steels listed in 
Specification Section 1. 3.1 is encouraged, other stainless steels may 
also be used in cold-formed stainless steel structures, provided they 
satisfy the requirements stipulated in this provision. 
1.3.3 Ductility 
Ductility is the ability of a steel to undergo sizeable plastic or 
permanent strains before fracturing and is important both for structural 
safety and for cold forming: It is measured by the elongation in a 2-inch 
(50 mm) gage length. The ratio of the tensile strength-to-yie1d strength 
is also an important material property; this is an indication of the 
ability of the ma~eria1 to redistribute stress. 
The requirements specified in Section 1.3.3 are adopted from Refer-
ence 11 for cold-formed carbon steels due to the lack of available re-
search information for cold-formed stainless steels. Because the yield 
strength of stainless steels varies with the direction and the type of 
stress, the ratio of tensile strength-to-yie1d strength and the total 
elongation should meet the requirements of Section 1.3.3 in both longi-
tudinal and transverse directions. 
1.3.4 Delivered Minimum Thickness 
Sheet and strip stainless steels may be ordered to nominal or minimum 
thickness. If the stainless steel is ordered to minimum thickness, all 
TABLE C8 









in 2 in. 
(%) 
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Mean Std. Dev. Mean Std. Dev. Mean Std. Dev. 
In 2597 39.6 64.1 33.6 
409 3.09 2.59 2.78 
Out 2154 39.3 64.3 33.9 
In 869 48.4 72.8 29.6 
439 3.11 2.62 2.75 
Out 138 48.9 73.8 29.6 
1 ksi = 6.895 MPa; 1 in. = 25.40 mm 
Thickness Mean = 0.042 inch 
Range = 0.016 inch- 0.125 inch 
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thickness tolerances are over (+) and nothing under (-). If the stainless 
steel is ordered to nominal thickness, the thickness torlerances are di-
vided equally between over and under. Therefore, in order to provide eq-
uity between the two methods of ordering sheet and strip stainless steels, 
the delivered thickness of a cold-formed product be at least 95 percent 
of the design thickness. Thus, a portion of the factor of safety may be 
considered to cover minor negative' thickness torlerances. 
Generally, thickness measurements should be made in the center of 
elements. For decking and siding, measurements should be made as close 
as practical to the center of the first full flat of the section. Thick-
ness measurements should not be made closer to edges than the minimum 
distances specified in ASTM A568. 
The responsibility of meeting this requirement for a cold-formed 
product is clearly' that of the manufacture of the product, not the steel 
producer. 
1.4 Loads 
The general requirements for loads included in Specification Section 
1.4 are the same as that used for the design of cold-formed carbon steels. 
This provision is adopted from Reference 11. The Specification does not 
establish the dead, live or snow loading requirements for which a struc-
ture should be designed. In most cases, these loads are adequately spec-
ified by the applicable building code or design standard. See 
Specification Section 1.6. 
When a structure is subject to live loads which induce impact, re-
cognized engineering procedures should be employed to reflect the effect 
of impact loads. 
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For load combinations involved with wind or earthquake load, the 
Specification recognizes the generally accepted practice of increasing 
the allowable stress by 33 1/3 percent. 24 This is accomplished by per-
mitting a 25 percent reduction in design loads as included in Section 
1.4.4 of the Specification. When the deflection of structural members 
is a critical factor in design, the increased allowabie stress should not 
exceed the proportional limit of stainless steels included in Table A19 
of the Specification. Otherwise, permanent deflection may result from the 
inelastic behavior of members. 
When gravity and lateral loads produce forces of opposite sign in 
members, consideration should be given to the minimum gravity loads in 
combination with wind or earthquake loads. 
When calculating the load on a relatively flat roof resulting from 
ponding of rainwater or snowmelt, the final deflected shape of the member 
should be considered. Design guidance can be obtained from Section 1.13.3 
of the AISC Specification for the Design, Fabrication and Erection of 
Structural Steel for Buildings. 16 
1.5 Structural Analysis and Design 
1.5.1 Design Basis 
This Specification uses allowable moments and loads instead of al-
lowable stresses. A safe load is determined by applying a factor of safety 
to the maximum strength, buckling or yielding, calculated for the member 
or connection in question. The fudamental nature of the factor of safety 
is to compensate for uncertainties inherent in the design, fabri~ation, 
and erection of structural components as well as in the applied load. 
Table C9 summarizes the factors of safety adopted in the Specification. 
It should be noted that these factors of safety used for stainless steel 
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TABLE C9 
Safety Factors by Subjects and Sections 
of the Specification for the Design 
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Safety Factor, n 
1.85 against yielding 
1.85 against yielding and 
buckling 
1.64 against shear yielding 
1.85 against shear buckling 
2.0 for single unreinforced 
webs 
2.20 for I-sections 
2.15 against column buckling 
1.85 against yielding 
1.85 against yielding of base metal 
2.50 against ultimate test 
value of welds 
2.50 against ultimate test 
value of welds 
2.40 against sheet shearing 
2.40 against tension failure on 
connected parts 
2.40 for single and double 
shear connections 
3.0 against shear failure of 
bolts 
A 25 % reduction of nominal safety 
factor is permissable provided that 
the member or connection thus 
designed is not less than that 
required for combination of 
dead and live load 
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design are relatively larger than those used in Reference 11 for co1d-
formed carbon steels. In part, this reflects the lack of accumulated ex-
perience in the design of stainless steel structural members. In addition, 
this larger safety factor has been chosen to minimize the possibility of 
permanent deformations when members are stressed above the proportional 
limit, and to reduce the necessity for inelastic deflection calculation. 
1.5.2 Yield Strength and Strength Increase from Cold Work of Forming 
For yield strengths and tensile strengths of various types of 
stainless steels, see Section 1.3 of the Commentary on Material. 
The mechanical properties, such as yield strength, tensile strength, 
and elongation, of the cold-formed stainless steel section may differ from 
the properties exhibited by the flat material prior to forming. This 
difference can be attributed to cold working of the steel 'sheet during 
the forming process. A combination of strain hardening, resulting from 
stretching of the sheet during the forming process, and strain aging 
causes an increase in the yield strength and tensile strength and a de-
crease in ductility. 
Previous study indicated that the strengthening effect produced by 
cold forming in corners is the largest in the annealed state and decreases 
with increasing hardness of the material, becoming almost negligible for 
7 the full-hard grades. Tables 4 and 7 of Reference 5 revealed that for 
annealed and strain-flattened stainless steels, the potential increase 
in member strength caused by cold forming ranges from 5 to 11 percent for 
flexural strength, and 14 to 24 percent for column strength for the par-
ticular sections investigated. 
Section 1.5.2.2 of the Specification permits utilization of the cold 
work of forming under certain conditions of Sections 1.5.2.2.1 and 
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1.5.2.2.2. Because Karren's formula (Reference 25) was originally devel-
oped on the basis of the test data for carbon steels and the equation may 
not be applicable for determining the yield strength of corners for 
stainless steels, any use of the strength increased from cold work must 
be based on full section tests. Therefore, the requirements of Section 
1.5.2.2 are the same as those used in the AISI 1974 Specification with 
. d·t· 1 h 10 some m1nor e 1 or1a c anges. 
1.5.3.Serviceability 
Further information may be found in the applicable building code and 
contract documents. 
1.5.4 Design Tables and Figures 
The . design tables and figures given in Specification Appendix A 
provide the information needed for the design of seven types of stainless 
steels used in this Specification. These technical data deal with yield 
strength, secant modulus, initial modulus of elasticity, tangent modulus 
and plasticity reduction factors. In addition, design tables for welded 
and bolted connections are also included. 
1.6. Reference Documents 
The references listed in Section 1.6 of the Specification pertain 
to various aspects of cold-formed stainless steel design and provide 
useful information to aid the design engineer. 
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2. ELEMENTS 
In this Specification, the effective design width approach is uni-
ver:sally applied to all compression elements including unstiffened and 
stiffened compression elements. 
2.1 Dimensional Limits and Considerations 
Because of the relatively large flat-width-to-thickness ratio (wit) 
that are possibly used in cold-formed stainless steel construction, di-
mensional limits are established in the Specification. Other phenomena, 
e.g., flange curling and shear lag effects, are also considered in the 
Specification. 
2.1.1 Flange Flat-Width-to-Thickness Considerations 
(a) Maximum Flat-Width-to-Thickness Ratios 
The limits imposed in Specification Section 2.1. la are unchanged 
from the previous edition of Specification. 10 These limitations on maxi-· 
mum allowable overall wit ratios are selected on the basis of experience 
and general practice and are proved to be reasonable for the cold-formed 
stainless steel construction. The additional requirements for stiffeners 
based on the values of I and I and the ratio of Dlw according to Section 
s a 
2.4.2 are adopted from Reference 11 for the design of cold-formed carbon 
steel members. 
The limitation on a maximum wit ratio of 50 for compression elements 
stiffened by a simple lip is based on the fact that the stiffening lip 
itself is an unstiffened element. The limitation to wit = 90 for flanges 
with stiffeners other than simple lips is to prevent possible damage of 
such flexible flanges in transportation, handling and erection. 
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The maximum allowable overall wit ratio for stiffened compression 
elements with both longitudinal edges connected to a web or a stiffened 
flange element is limited to 400. It has been shown that this limit is 
reasonable and achievable for cold-formed stainless steel members. In 
such cases where the limits are exceeded, tests in accordance with 
Specifcation Section 6 are required. 
The note regarding noticeable deformation for large flat- width-to-
thickness ratios is a caution and is not intended to prevent the use of 
such compression elements. However, when it is necessary to use these 
elements with large wIt ratios, the design requirements of local dis-
tortions should be used for flexural and compression members as specified 
in Sections 3.3.1.1 and 3.4, respectively. 
In addition, Reference 26 indicates that buckling of unbacked sheet 
may be developed due to thermal effect if the wit ratio of stiffened el-
ements exceeds 150 to 200, depending on the surface finish of the sheet. 
(b) Flange Curling 
In order to limit the maximum amount of curling or movement of unu-
sually wide, thin flanges toward the neutral axis of beams, a formula CEq. 
B-1) is included in Specification Appendix B to determine the maximum 
permissible flange width, wf ' for a given amount of tolerable curling, 
c f . This formula is similar to that included in Reference 11 except that, 
in Eq. B-1, the modulus of elasticity used for stainless steel members 
should be based on the value given in Tables A4 and AS of the Specifica-
tion. 
It should be noted that this provision does not stipulate the amount 
of curling which can be regarded as tolerable. For carbon and low alloy 
steels, Reference 11 suggests that curling on the order of 5 percent of 
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the depth is usually not considered excessive. The designer must establish 
the amount of curling on the basis of the kind of section used and good 
engineering practice. In general, it is essential to closely control 
out-of-plane distortions of unusually wide flanges for the sake of ap-
pearance. 
(c) Shear Lag Effects 
The Specification Appendix C contains the design provision for beams 
having relatively small span-to-width ratio, L/wf' and subject to con-
centrated loads. The specified reduction of flange width is due to the 
effect of shear lag. 
The phenomenon of shear lag is described by Winter27 as follows: 
"In metal beams of the usual shapes, the normal stresses are induced in 
the flanges through shear stresses transfered from the web to the flange. 
These shear stresses produce shear strains in the flange which, for or-
dinary dimensions, have negligible effects. Howeve-r, if flanges are unu-
sually wide (relative to their length) these shear strains have the effect 
that the normal bending stresses in the flanges decrease with increasing 
distance from the web. This phenomenon is known as shear lag. It results 
in a non-uniform stress distribution across the width of the flange, 
similar to that in stiffened compression elements, though for entirely 
different reasons. As in the latter case, the simplest way of accounting 
for this stress variation in design is to replace the non-uniformly 
stressed flange of actual width wf by one of reduced, effective width 
subject to uniform stress." 
Previous study has indicated that the effect of shear lag depends 
upon the ratio of E /G , where E is the modulus of elasticity and G is 
o 0 0 0 
shear modulus. In view of the fact that the E /G ratio is about the same 
o 0 
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for all grades of stainless steels, the design provision of the 1974 
Specification 10 is retained in this edition of the Specification. It 
should be noted that the flange width, wf ' in this case is the projection 
beyond the web, not the flat portion of the flnage, as in the case in 
subsequent sections of Section 2. 
For a uniform load the width reduction due to shear lag is practi-
cally negligible except that the span length is extremely short. No 
provision is included in Appendix C for reduction of flange width for such 
a case. 
2.1.2 Maximum Web Depth-to-Thickness Ratio 
The limits prescribed in Specification Section 2.1.2 differ from the 
1974 Edition of the AISI Specification. The limit of hit for flexural 
members having unreinforced webs has been increased from 150, as previouly 
used, to a value of 200. This is based on the vertical buckling of webs 
subjected to transverse flange forces developed from the curvature of the 
beam. When webs are provided with transverse stiffeners which satisfying 
the requirements of Specification Appendix D.1, the depth-to-thickness 
ratios are limited to 260 for webs using bearing stiffeners and 300 for 
webs using bearing and intermediate stiffeners. Previous Specification 
stipulated that the web depth-to-thickness ratio, hit, shall not exceed 
200 for member webs with stiffeners. 10 These limits are the same as those 
used in the current AISI Specification11 for the design of cold-formed 
carbon steel sections. 
It should be noted that the definition for h, the depth of the flat 
portion of the web measured along the plane of the web, differs from the 
1974 Edition of the AISI Specification. 
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It is well known that plate and sheet elements possess a large 
strength reserve after buckling, unless buckling occurs at stresses ap-
proaching the yield strength for sharp yielding materials or at large 
inelastic strains for materials such as stainless steels which do not have 
a definite yield strength. For example, Figure C5 shows t~e buckled form 
of a stiffened compression element (a sheet which is supported along both 
unloaded edges by thin webs and can be regarded as simply supported), 
uniaxially loaded by a compression force. Although the element has 
buckled, and out of plane waves have developed, it is still capable of 
sustaining additional load, and the member of which the element is a part 
does not collapse. This behavior is a result of the membrane stresses 
(post-buckling strength) which are developed in the element transverse 
to the direction of loading. Unstiffened compression elements (sheets 
which are supported along one unloaded edge only, the other unloaded edge 
being unsupported) behave in a similar manner, except that the strength 
reserve after buckling is relatively small because less membrane action 
is possible. 
The general equation for the critical buckling stress of an isotropic 




k = Buckling coefficient 
E = Initial modulus of elasticity 
o 




Figure C5 Local Buckling and Post Buckling Strength of 
Stiffened Compression Element 
~ = Plasticity reduction factor 
w = Flat width 
t = Thickness 
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To keep the width-to-thickness ratio reasonably small, thus main-
taining larger critical stresses, compression elements are frequently 
provided with intermediate longitudinal stiffeners between a web and an 
edge stiffener (Figure C3). 
In practical design the effective width concept is widely used for 
taking the postbuckling strength of compression elements into account. 
Figure C5(b) shows the post-buckling stress distribution in a stiffened 
compression element. The solid line is the actual stress distribution over 
the actual element width, w. The dashed line is the equivalent uniform 
stress distribution, equal in intensity to the edge stress of the actual 
distribution but only applied over an effective width b. The total load 
carried by the element is the same for both distributions. 
The effective width concept is now used explicitly in computing the 
properties of sections whicp contain stiffened and unstiffened com-
pression elements. Because the effective width is a function of the ele-
ment edge stress, it follows that the properties of the section are also 
functions of the stress level. For this reason, when computing the ef-
fective area, moment of inertia, and section modulus, proper recognition 
must be given to the effective width of stiffened and unstiffened com-
pression elements as a function of the edge stress and the flat-width-
to-thickness ratio. 
The 1974 Edition of the AISI Specification utilized the effective 
design width approach only for the uniformly compressed stiffened ele-
ments. In the current Specification, the effective design width approach 
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is adopted for (1) uniformly compressed stiffened elements and (2) webs 
and stiffened elements with stress gradients. 
2.2.1 Uniformly Compressed Stiffened Elements 
(a) Load Capacity Determination 
The effective design width expression as given in Eq. C-2 was ori-
ginally derived by Winter for the design of cold-formed carbon steel 
28 
members. It has been verified by Johnson and Wang for using stainless 
4 7 
steel members. ' 
bit = 1.9 viE If [1-0.47Sy!E If l(w/t)1 o max 0 max ' (Eq. C-2) 
where 
b = Effective design width 
E = Initial modulus of elasticity 0 
f = max Maximum stress at the edge 
w = Flat width 
t = Thickness 
Based on a long-time accumulated experience in the design of cold-
formed carbon steel structural members, a more realistic equation as given 
below was used in the AISI Specification for carbon steel since 1968: 
bit = 1.9 VE If [1-0. 41SVE If I(w/t)] o max 0 max CEq. C-3) 
Consequently, an additional study has been made by Wang on the 
7 
suitability of Eq. C~3 for stainless steel structural members. Because 
Eq. C-3 compares favorably with the experimental data obtained from nu-
merous beam and column tests as shown in Figure C6, this equation was used 
in the 1974 Edition of the AISI Specification for the design of stainless 
10 
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In this Specification, Eq. C-3 is retained for determining the ef-
fective design width for uniformly compressed stiffened elements. This 
equation can be expressed in terms of the ratio of b/w as follows: 
b/w = (I/A) (1 - 0.22/A) (Eq. C-4) 
where A is a slenderness factor determined as 
A = CEq. C-S) 
f is the critical buckling stress of an isotropic sheet element cal-
cr 
culated from Eq. C-l. 
In Specification Section 2.2, Eq. 2.2.1-4 for calculating the 
slenderness fdcto~, A, is obtained from Eq. C-5 by substituting the value 
of f from Eq. C-I with ~ = 1.0. The use of ~ = 1.0 for the effective 
cr 
design width has been verified for cold-formed stainless steel members 
having stiffened compression elements. 8 For the design of local dis-
tortions, the plasticity reduction factor, ~, may be taken as \lEt/Eo for 
uniformly compressed stiffened elements of stainless steel. 4,7,29 The 
buckling coefficient, k, depends upon the boundary conditions and the 
aspect ratio of the plate element. It is taken as 4.0 for long, stiffened 
elements supported by a web on each longitudinal edge. 
(b) Deflection Determination 
The effective design width used for deflection calculation can be 
determined by the same equation from Specification Section 2.2.1a except 
that the stress is evaluated at the actual stress level and the reduced 
modulus of elasticity, E , instead of E . For beam sections generally used 
r 0 
in cold-formed stainless steel construction, the average of the secant 
moduli corresponding to the stresses in both tension and compression 
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flanges is recommended for the reduced modulus. Experimental verification 
of this provision is given in Reference 5. 
2.2.2 Effective Widths of Webs and Stiffened Elements with Stress Gradient 
Due to the lack of sufficient test results of stiffened elements with 
stress gradient on cold-formed stainless steel members, this Section is 
adopted from the AISI 1986 Specification for the design of cold-formed 
b I t " 11 car on stee sec 10ns. 
The use of effective design widths for web elements subjected to a 
stress gradient is a deviation from the past practice of using a full area 
of web in conjunction with a reduced stress to account for local buckling. 
The effective widths are based on Winter's effective width equation dis-
tributed as shown in Figure 2 of the Specification. 
2.3 Effective Widths of Unstiffened Elements 
The effective design width approach is also applied to members con-
sisting of unstiffened compression elements in the current Specification 
because the research results reported in Ref. 30 for cold-formed carbon 
steel structural members indicate that Winter's effective design width 
equation is an adequate predictor of section capacity if the appropriate 
buckling coefficient, k, is employed. 
The provisions included in Specification Section 2.3 are the same 
as those used in Reference 11 except that the buckling coefficient, k, 
is taken as 0.5 for cold-formed stainless steel members. 
2.3.1 Uniformly Compressed Unstiffened Elements 
The theoretical buckling coefficient for an ideally flat, long un-
stiffened element having hinged and fixed edge conditions is 0.425 and 
1. 277, respectively. 29 Previous test results of cold-formed stainless 
steel members indicated that the buckling coefficient can be taken as 0.85 
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for I-sections made by two channels connected back to back. 8 In the 1974 
Edition of the AISI S . f' t' 10 pec1 1ca 10n, the buckling coefficient was 
conservatively taken as 0.5 for unstiffened compression elements. This 
value has been retained in this Specification. The plasticity reduction 




1 t 4,7,31,32 e emen s. 
having uniformly compressed unstiffened 
2.3.2 Unstiffened Elements and Edge Stiffeners with Stress Gradient 
Reference 30 shows that by using Winter I s effective design width 
equation in conjunction with a k = 0.43, good correlation can be achieved 
between test and calculated capacities for unstiffened elements and edge 
stiffeners with stress gradient using cold-formed carbon steel. This same 
trend is also true for deflection determination. Because no test results 
are available for cold-formed stainless steel members regarding this 
topic, the provisions included in Specification Section 2.3.2 are similar 
to those used in Reference 11 except that the buckling coefficient, k, 
is equal to 0.5 for stainless steel members. 
2.4 Effective Widths of Elements with an Edge Stiffener or One 
Intermediate Stiffener 
The 1974 Edition of the AISI Specification treated stiffeners as 
fully effective elements. However, in Reference 11, all compression ele-
ments including stiffeners are analyzed on the basis of effective widths 
or areas. Because the effective design width of stainless steel elements 
with an edge stiffeners or one intermediate stiffener has not been in-
vestigated in the past, Section 2.4 of the current Specification is 
adopted from the 1986 Edition of the AISI Specification. 
2.4.1 Uniformly Compressed Elements with an Intermediate Stiffener 
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The 1974 Edition of the AISI Specification10 contained provisions 
for the minimum required moment of inertia, which was based on the as-
sumption that an intermediate stiffener needed to be twice as rigid as 
edge stiffener. The current provision adopted from Reference 11 includes 
expressions for evaluating the required stiffener rigidity based on the 
geometry of the contiguous flat elements. By using the ratio of actual 
stiffener moment of inertia, I , to adequate stiffener moment of inertia, 
s 
I , (i.e., I /1 ) to evaluate the buckling coefficient and the stiffener 
a s a 
area, a partially stiffened compression flange can be evaluated. 
In this provision, three cases are identified, i.e., (I) elements 
are fully effective as an stiffened element and do not need an interme-
diate stiffener, (II) elements can be fully effective as a stiffened el-
ement when it has an adequate stiffener, and (III) element is not fully 
effective even with an adequate stiffener. 
2.4.2 Uniformly Compressed Elements with an Edge Stiffener 
The 1974 AISI Cold-Formed Stainless Steel Specification provided an 
equation for the minimum moment of inertia for an edge stiffener and an 
expression for the minimum overall depth of a simple stiffening lip. 
Section 2.4.2 of the current Specification contains three different cases 
for the determination of the effectiveness of compression elements and 
stiffeners. 
The interaction of the plate elements, as well as the degree of edge 
support, full or partial, is compensated for in the expressions for the 
buckling coefficient, k, and the depth and area of the stif"fener. For 
more information, see Reference 30. 
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2.5 Effective Widths of Edge Stiffened Elements with Intermediate 
Stiffeners or Stiffened Elements with More Than One Intermediate 
Stiffener 
The current Specification retains Eq. 2.5-1 from the 1974 Edition 
of the AISI Specification for evaluating the minimum required rigidity, 
I . , of an intermediate stiffener for a multiple-stiffened element. It 
ml.n 
is based on the assumption that an intermediate stiffener must stiffen 
two compression elements, while an edge stiffener is required to stiffen 
only one such element. For this reason, the minimum required rigidity of 
an intermediate stiffener is specified to be twice that of an edge 
stiffener. 
In addition, Specification Section 2.5(a) stipulates that only 
intermediate stiffeners adjacent to web elements (see Figure C3) shall 
be counted as effective. Addititonal stiffeners would have two or more 
sub-elements between themselves and the nearest shear-transmitting ele-
ment (i.e., web) and hence, could be ineffective. Specification Section 
2.5(b) applies the same reasoning to intermediate stiffeners between a 
web and an edge stiffener. 
If intermediate stiffeners are spaced so closely that the sub-
elements are fully effective, i.e., b = w, no plate buckling of the sub-
element will occur. Therefore, the entire assembly of sub-element and 
intermediate stiffeners between webs behaves like a single compression 
element whose rigidity is given by the moment of inertia, I , of the full, 
s 
multiple-stiffened element, including stiffeners. Although the effective 
width calculations are based on an equivalent element having width, Ws 
and thickness, t
s




Design requirements for attached transverse stiffeners and for 
intermediate stiffeners are newly added to Appendix D of this Specifica-
tion. Due to the lack of test results on cold-formed stainless steel 
members with stiffeners, the provisions are adopted from Reference 11. 
Equation D-1 of Appendix D serves to prevent end crushing of the trans-
verse stiffeners, while Equation D-5 is to prevent column-type buckling 
for the web-stiffeners. The equ~tions for computing the effetive areas 
CAb and Ac) and the effective width (b1 and b2) were determined on the 
basis of Reference 33. 
The equations for determining the minimum required moment of inertia 
(Eq. D-I0) and the minimum required gross area (Eq. D-ll) of attached 
intermediate stiffeners are based on the studies summarized in Reference 
33. In this reference, test data show that even though the allowable 
shear stress is based on the buckling strength of web elements, rather 
than on tension field action, it is still necessary to provide the re-
quired moment of inertia and gross area of intermediate stiffeners. This 
is because the flanges of cold-formed steel beams often are quite flexi-
ble, as compared with the flanges of hot-rolled shapes and plate girders. 
4 In Eq. D-lO, the minimum value of (h/50) was selected from the AISC 
S . f' t' 16 pecl. l.ca l.on. 
For rolled-in transverse stiffeners, the required dimensions and the 
allowable loads should be determined by special tests. 
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3. MEMBERS 
This Section is different as compared with the 1974 Edition of the 
AISI Specification. In order to simplify the use of the Specification, 
all design provisions relative to a specific member type, e.g., beam, 
column or beam column, have been assembled in one location within the 
Specification. Also, design provisions are given in terms of allowable 
load or moment, instead of allowable stress. To clarify the phenomenon 
being evaluated, the nominal capacity and required safety factor are also 
explicitly stated. 
3.1 Properties of Sections 
The geometric properties of a member shall be evaluated using con-
ventional methods of structural design. These properties are based on 
either full cross-section dimensions, effective widths or net section, 
as applicable. 
For flexural members and axially loaded members, both the full and 
effective dimensions are used. The full dimensions are used when calcu-
lating the critical load or moment, while the effective dimensions, 
evaluated at the stress corresponding to the critical load or moment, are 
used to calculate the nominal capacity. 
3.2 Tension Members 
The maximum allowable load in tension is obtained by dividing the 
yield load by a safety factor of 1.85, which is the same as that used in 
the 1974 Edition of the AISI Specification. 10 The net section should be 
used when computing the capacity of a tension member. 
When mechanical fasteners are used, the allowable tensile force 
should also be limited by Section 5.3.2 of the Specification. 
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3.3 Flexural Members 
Section 3.3 of the Specification provides various design aspects 
related to flexural strength, lateral buckling strength, shear strength, 
combined bending and shear strength, web crippling strength, and combined 
bending and web crippling strength. For brace design, see Specification 
Section 4.3. 
3.3.1 Strength for Bending Only 
The allowable bending moment is determined by dividing the nominal 
moment by a basic safety factor of 1.85. Flexural strength depends on 
the geometry of the member and the lateral support conditions. The pro-
visions of Specification Section 3.3.1 encompass these considerations. 
3.3.1.1 Nominal Section Strength 
Beams not subject to lateral, torsional or torsional-flexural 
buckling, are designed on the basis of the initiation of yielding in ei-
ther the extreme tension or compress10n fibers. This is the premise in 
Section 3.3.1.1, which is consistent with the 1974 Edition of the AISI 
S 'f' , 10 pecl. l.catl.on. 
As discussed in Section 2.2 of the Commentary, stiffened and un-
stiffened compression elements can withstand stresses considerably in 
excess of thei~_ critical buckling stress without impairment of their 
ability to carry load. However, stresses above the buckling stress may 
cause minor local distortions under service load. When such local dis-
tort ions at service load must be limited, the perceptible stresses, f b , 
specified in Eqs. 3.3.1.1-3 to 3.3.1.1-6 and the elastic section modulus 
of the full, unreduced section should be used to determine the permissible 
moment. The use of the full, unreduced section properties for this case 
is based on the 1974 Edition of the AISI S 'f' , 10 pecl. l.catl.on. These 
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compressive stresses are based on the considerations that if some barely 
perceptible distortions at the design load are allowed, the allowable 
stresses for stiffened and unstiffened compression elements are limited 
to 1.2 F and F , respectively. If no local distortions at the design 
cr cr 
load are permitted, the allowable stresses for stiffened and unstiffened 
compression elements should not exceed 0.9 F and 0.75 F 
cr cr' 
. 4 7 10 
respect1vely. " In the above expression, F is the critical buckling 
cr 
stress. 
This provision is considered to be necessary for stainless steel 
structural member because of its low proportional limits and due to the 
fact that more attention is often given to the appearance of exposed 
surfaces of stainless steel used for architectural purposes. 
3.3.1.2 Lateral Buckling Strength 
The design expressions for laterally unbraced segments of flexural 
members included in Specific'atfon Section' 3.3.1.2 represent an improve-
ment over the 1974 Edition of the AISI Specification. 10 This approach is 
adopted from Reference 11. It enables direct consideration of the inter-
action between local and overall lateral buckling by a reduction of the 
critical moment. This reduction is equal to the ratio of the effective 
section modulus to the full section modulus, Sc/Sf· 
For doubly-symmetric I-sections and point-symmetric Z-sections, the 
critical moment can be calculated by using either the simplified formulas 
(Eqs. 3.3.1.2-2 and 3.3.1.2-3) or the theoretical value (Eq. 3.3.1.2-4). 
Because the Z-section has less resistance to lateral buckling, the crit-
ical moment is taken as one-half of that for I-sections. 
For singly-symmetric sections (x-axis is assumed to be the axis of 
symmetry) subjected to lateral buckling, two theoretical formulas are 
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given in this provision. Equation 3.3.1.2-4 of the Specification is an 
explicit expression for determining the critical moment for doubly- sym-
metric I -sections and channels bending about the x-axis. 34 Equation 
3.3.1.2-5 is used to determine the theoretical torsional-flexural 
buckling moment for a singly-symmetric section bending about the 
. 35 
y-ax~s. 
It should be noted that the critical moments calculated from Spec-
ification Section 3.3.1.2 shall not exceed M , which is the maximum moment y 
causing initial yielding at the extreme compression fiber of the full 
section. In order to account for the inelastic response of stainless 
,steels, the plasticity reduction factor, Et/E
o
' is introduced in various 
36 
equations for lateral buckling in the inelastic range. 
3.3.2 Strength for Shear Only 
This provision is primarily the same as that used in the 1974 Edition 
h AISI S . f' . 10 t th t d' t . I h h b of t e pec~ ~cat~on, excep a some e ~ or1a c anges ave een 
made in the current Specification. The definition of h has been changed 
to be the flat portion of the web instead of the clear distance between 
flanges. 
The general equation for the critical stress of flat sheet or plate 
elements is given in Eq. C-1 of this Commentary. For shear stress, f 
cr 
is replace by ~cr' The buckling coefficient, k, is 5.35 for simply sup-
ported conditions. Various plasticity reduction factors are given by 
37 different authors. One of the simples~ is that suggested by Gerard who 
takes ~ = Gs/G
o
; that is, the ratio of the secant shear modulus to the 
initial shear modulus. Other values for the plasticity reduction factor 
are either too involved for design use or are excessively conservative. 
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In Eq. 3.3.2-1 of the Specification the maximum allowable shear 
stress, 0.61 Fyv, is determined by dividing the shear yield strength by 
a safety factor of 1.64. This safety factor has been chosen to reflect 
the less serious nature of shear yielding (which is localized at the point 
of maximum shear in the web) in comparison with yielding in tension or 
compression. This choice is based on the reasoning similar to that behind 
h AISI S . f . . 11 fbI t e peC1 1cat1on or car on stee . 
3.3.3 Strength for Combined Bending and Shear 
For cantilever beams and continuous beams, high bending stresses 
often combine with high shear stresses at the supports. In the design of 
such members, it has been the practice to use Specification Equation 
3.3.3-1 to safeguard against buckling of flat webs due to the combination 
of bending and shear stresses (Reference 27). The interaction formula 
now expressed in the ratios of moments and forces, instead of stresses, 
is suitable for the design of beams with unreinforced webs. 
In addition, a new interaction equation (Eq. 3.3.3-2) is included 
in this Specification for beam webs with adequate transverse stiffeners. 
Safety factors and the inelastic response of stainless steel are accounted 
for in calculating M and V . 
a a 
3.3.4 Web Crippling Strength 
This Section has been modified according to the current AISI Spec-
ification11 for the design of cold-formed carbon steel members. However, 
the factors of safety used in Table 1 of the Specification are 2.0 and 
2.20 for shapes having single webs and I-sections, respectively .. Since 
no research work has been done in the Cornell project to study the problem 
of web crippling of beams made of high yield strength steels, a conserv-
ative approach has been taken by using the longitudinal compression yield 
161 
strength of the stainless steel which is the lowest value of the four 
yield strengths as shown in Table Al of the Specification. 
Section 3.3.4 of the Specification provides design equations to 
prevent web crippling of flexural members having flat single webs (chan-
nels, Z-sections, hat sections, tubular members, roof deck, floor deck, 
etc.) and I-beams made of two channels connected back to back, by welding 
two angles to a channel, or by connecting three channels . Different de-
sign equatio~s are used for various loading conditions. As shown in Figure 
C7, Equations 3.3.4-1, 3.3.4-2, and 3.3.4-3 are used for end one-flange 
loading; Equations 3.3.4-4 and 3.3.4-5 are used for interior one-flange 
loading; Equations 3.3.4-6 and 3.3.4-7 are used for end two-flange 
laoding; and Equations 3.3.4-8 and 3.3.4-9 are used for interior two-
flange loading. These design 'equations are determined on the basis of 
the experimental evidence for carbon steel sections (Reference 38). The 
assumed distributions of loads or reactions in the beam webs are shown 
in Figure C8. 
3.3.5 Combined Bending and Web Crippling Strength 
This Section contains two interaction equations for the combination 
of bending and web crippling. These two formulas are based on Reference 
38 in conjunction with proper safety factors used for the design of 
stainless steel members. 
The exception clause for Eq. 3.3.5-1 applies to the interior supports 
of continuous spans using decks and beams, as shown in Figure e9. Test 
results on cold-formed carbon steel continuous beams and decks39 indicate 
that, for these types of members, the post-buckling behavior of webs at 
interior supports differs from the type of failure mode occuring under 
concentrated loads on single span beams. This post-buckling strength en-
(a) 
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Eq. 3.3.4-6 or -7 
End 1Wo-FIange loading 
Figure C7 Application of Design Equations Listed in Table 1 
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Figure C9 Sections Used for One Exception Clause of Section 3.3.5 
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abIes the member to redistribute the moments in continuous spans. For this 
reason, Equation 3.3.5-1 is not applicable to the interaction between 
bending and the reaction at interior supports of continuous spans. 
With regard to Equation 3.3.5-2, it was shown in Reference 38 that 
when the hit ratio of an I-beam web does not exceed 2.33/~ and when y 0 
A ~ 0.673 (i.e., web is fully effective), the bending moment has little 
or no effect on the web crippling load. For this reason, the allowable 
reaction or concentrated load can be determined by the formulas given in 
Specification Section 3.3.4 without reduction for the presence of bend-
ing. 
3.4. Concentrically Loaded Compression Members 
The provisions cf this Section of the Specification represent a 
significant improvement over the 1974 Edition of the AISI Specification 
for concentrically loaded compression members subject to flexural, 
torsional, or torsional-flexural buckling. The allowable load for com-
pression members can be determined on the basis of Equation 3.4-1 of the 
Specification with due consideration given to various possible failure 
modes. 
A simple approach to account for the interaction of local and overall 
buckling is included in Specification Section 3.4. The axial strength 
of compression members is determined by the product of the critical stress 
and the effective area (Eq. 3.4-2). The critical stress, evaluated for 
the full section, is the stress level for which the effective area is 
calculated. 
For channels, Z-shapes, and single angle sections with unstiffened 
flanges, the axial strength shall also be limited by Eq. 3.4-3 to prevent 
local buckling failure. When local distortions in stiffened elements of 
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compression members under service loads must be limited, the perceptible 
stresses, f b , specified in Eqs. 3.4-6 and 3.4-7 and the full area of the 
unreduced cross section should be used to determine the allowable axial 
strength. Commentary Section 3.3.1.1 provides discussions for this sub-
ject. 
Specification Section 3.4(d) is a new provision for the possibility 
of a reduction in capacity due to initial sweep of the member. This ad-
ditional requirement is also based on the AISI Specification for carbon 
11 
steel members. 
The safety factor applied for axially loaded compression members is 
2.15, which is the same as that used in the 1974 Edition of the AISI 
Specification. 10 This safety factor used for cold-formed stainless steel 
compression members is slightly larger than that used for cold-formed 
carbon steel. It maintains a constant ratio of the corresponding safety 
b . f· t· 10,11 factors etween two speC1 1ca 10ns. 
3.4.1 Sections Not Subject to Torsional or Torsional-Flexural Buckling 
This section deals with the flexural buckling strength of axially 
loaded compression members. For doubly-symmetric shapes, closed cross-
section shapes, or cylindrical sections axially loaded by a concentric 
force, these members may fail by flexural buckling and are governed by 
the design provisions of this section. For some open shapes, such as C-
channels, hat sections, point-symmetric sections, and angles, flexural, 
torsional, or torsional-flexural buckling may govern, depending on the 
bracing conditions, cross-sectional dimensions, and the unbraced length. 
Equation 3.4.1-1 of the Specification is simply the tangent modulus 
formula. This formula is generally recognized as the experimentally 
verified method for predicting the column buckling strength. The test 
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results of 1- and box section columns of annealed and cold-rolled stain-
less steels are given in References 4, 5 and 7. The value of effective 
length factor, K, may be obtained from Reference 27. 
3.4.2 Doubly- or Point-Symmetric Sections Subject to Torsional Buckling 
Doubly- or point-symmetric shapes may buckle torsionally depending 
on their cross-sectional dimensions and the unbraced length. This new 
section contains a design formula for the determination of the torsional 
buckling stress. The member should be checked for flexural and torsional 
buckling as specified in Secitons 3.4.1 and 3.4.2 of the Specification. 
3.4.3 Singly-Symmetric Sections Subject to Torsional-Flexural Buckling 
As indicated in Commentary Section 3.4.1, centrally loaded columns 
can buckle by (a) bending about one of the principal planes, (b) twisting 
about the shear center, or (c) bending and twisting simultaneously. Case 
(c) is the type of tortional-flexural buckling which can occur at a load 
lower than the flexurat buckling load. 
The new design formulas (Eqs. 3.4.3-1 and 3.4.3-2) included in this 
Section of the Specification are to be used for determining the crirical 
stress for torsional-flexural buckling. They are adopted from the AISI 
Specification for carbon steel with some necessary modifications. 11 
3.4.4 Nonsymmetric Sections 
For nonsymmetric open shapes, the analysis for torsional-flexural 
buckling becomes extremely tedious, unless its need is sufficiently fre-
quent to warrent computerization. Section 3.4.4 of the Specification 
provides that rational analysis shall be used, or tests according t6 
Section 6'shall be made, when dealing with nonsymmetrical open shapes. 
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3.5 Combined ~ial Load and Bending 
This provision is adopted from Reference 11 for the design of cold-
formed carbon 5t~el members, except that the tangent modulus, Et' is used 
to calculate th~ critical buckling load. A recent study reported in 
Reference 30 i~Qicates that the interaction equations (Equations 3.5-1, 
3.5-2 and 3.5-3) are applicable to all cold-formed steel shapes. 
3.6C ~~y~l~in=d~r_i~ular Members 
The destg~ ~rovisions for cylindrical tubular members have been re-
vised to incIlJd~ the design guidelines for members subject to either 
flexural bendi~g or axisl compression. 
3.6.1 Bendin~ 
This sectj.0tt is similar to that included in the 1974 Edition of the 
AISI Specification except· for the following revisions: (a) the design 
expressions are ~sed in terms of moment instead of stress and (b) the 
determination of buckling stress in the inelastic range is based on the 
actual ratio oftpe effective proportional limit-to-yield strength for 
different gradeS of stainless steels instead of F IF = 0.375, which was pr y 
used previouslj for the design of stainless steel cylindrical tubular 
10 
members. 
It should b~ noted that the definition of D, outside diameter of the 
cylindrical t~bulat memebrs, differs from the previous Specification. The 
limit of D/t is the same as that used in Reference 10, except that it has 
been rewritten b~ Using a non-dimensional term. The variable Kc is de-
termined according to the ratio of the proportional limit-to-yield 
strength. It is ~ tatio Of the nominal moment, Mn' to the yield moment, 
M in the inela~tic buckling range. Figure CI0 shows the relationships 
y' 
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Line 1 shown in the figure represents the 
ultimate moment governed by yielding. Line 2 corresponds to the nominal 
moment in the inelastic buckling range. 
3.6.2 Compression 
The 1974 Edition of the AISI Specification did not include any design 
provisions for the interaction of local and column buckling. The pro-
visions of Specification Section 3.6.2 use the product of the effective 
area and the flexural buckling stress to determine the axial compression 
strength of cylindrical tubular members. The effective area defined in 
Eq. 3.6.2-2 is similar to that used in Reference 11 except that the 
plasticity reduction factor, Et/Eo' is used in this Specification. The 
ratio A lA, used in Eq. 3.6.2-2, reflects the influence of local buckling 
o 
on the axial compression strength for concentrically loaded compression 
members. 
3.7 Arc-and-Tangent Corrugated Sheets 
This provision is the same as that used in the 1974 Edition of the 
AISI Specification,10 except that the requirement is expressed in terms 
of the allowable moment instead of allowable stress. 
Arc-and-tangent type corrugated sheets and panels are often used for 
roofing, siding and curtai!l walls. P
. 40 
reV10US tests on carbon steel 
sections indicated that the moment-resisting capacities of such sections 
were about 20 percent higher than those computed by elastic analysis. This 
high load-carrying capacity of corrugated sheets is mainly due to the 
plastic yielding of material and the increase of yield strength resulting 
from cold-forming operation. In order to recognize the substantial re-
serve of strength due to plastic behavior, a high allowable moment of 0.60 
F S is permitted in Section 3.7 for arc-and-tangent corrugated sheets. 
y f 
171 
The use of such a working moment would provide a load factor of approxi-
mately 2.0 based on ultimate strength of the section. 
Section 3.7 also permits the determination of load-carrying capacity 
of arc-and-tangent corrugated sheets by tests. For this case, the pro-
vision of Section 6.2 of the Specification should be used. In the de-
termination of allowable load, consideration must also be given to the 
practical limitation of deflection and permanent set of the sheets after 
releasing the applied load. Excessive deflection may cause leakage at end 
laps or loosening of end connections. 
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4. STRUCTURAL ASSEMBLIES 
4.1 Built-Up Sections 
4.1.1 I-Sections Composed of Two Channels 
I-beams made by connecting two channels back to back are often used 
as either compression or flexural members. The provisions of Section 4.3 
of the current Specification are the same as that included in the 1974 
Edition of the AlSI Specification. 
For the I-sections to be used as compression members, the longi-
tudinal spacing of connectors must not exceed the value of s computed max' 
by using Eq. 4.1.1-1 of the Specification. This requirement is to prevent 
flexural buckling of individual channels about the axis parallel to the 
web at a load smaller than that at which the entire I-section would 
buckle. This provision is based on the requirement that the slenderness 
ratio of an individual channel between connectors, s /r not be max cy' 
greater than one-half of the pertinent slenderness ratio, L/r I , of the 
entire I-section to account for one of the connectors becoming loose or 
. ff . 27,41 lne ectlve. 
Even though Section 4.1 of the Specification refers only to 1-
sections, Equation 4.1.1-1 can also be used for determining the maximum 
spacing of welds for box-shaped compression members made by connecting 
two channels tip to tip. In this case, r I is the smaller of the two radii 
of gyration of the box-shaped section. 
For the I-sections to be used·as flexural m~mbers, the longitudinal 
spacing of connectors is limited by Eqs. 4.1.1-2 and 4.1.1-3 of the 
Specification. The first requirement CEq. 4.1.1-2) is an arbitrarily se-
lected limit to prevent any possible excessive distortion of the top 
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flange between connectors. The second CEq. 4.1.1-3) is based on the 
strength and arrangement of connectors and the intensity of the load 
acting on the beam. Figure C11 shows that when the transverse load is 
applied to the I-beam, the loadQ to be carried by each channel (i.e., 
half of the total beam load over the length, s) actually acts in the plane 
of the web. Because the load Q does not pass through the shear center 
of the channel section, each channel tends to rotate about its own shear 
center and to separate along the top. The twisting moment Qmis resisted 
by the torque, T g, provided by the connectors. 
s 
The location of shear 
center is given by Eq. 4.1.1-4 of the Specification for channels having 
unstiffened and stiffened flanges, which is determined on the basis of 
Reference 42. 
4.1.2 Spacing of Connections in Compression Elements 
The requirements for the spacing of connections in compression ele-
ments are the same as those used in the 1974 Edition of the AISI Spec-
ification,10 except that some slight changes have been made in case (c) 
of Specification Section 4.1.2. 
When compression elements are joined to other parts of built-up 
members by intermittent connections, these connections must be closely 
spaced to devel~p the required strength of the connected element. Figure 
C12 shows a box-shaped beam made by connecting a flat sheet to an inverted 
hat section. If the connectors are appropriately placed, this flat sheet 
will act as a stiffened compression element with a width, w, equal to the 
distance between rows of connectors, and the sectional properties can be 




(a) Typica' '·Beam T 
9 
'1 
(b) Right elMln.,., of a Short Portion of the Beam 
Figure CII I-Beam Composed of Two Channels 
Figure C12 Spacing of Connections in Compression Elements 
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Section 4.1.2(a) of the Specification requires that the necessary 
shear strength be provided by the same standard structural design proce-
dure that is used in calculating flange connections in bolted or welded 
plate girders or similar structures. 
Section 4.1.2(b) of the Specification ensures that the part of the 
flat sheet between two adjacent connectors will not buckle as a column 
(see Figure G12) at a stress less than 1.85f, where f is the design stress 
of the connected compression element. The formula of Section 4.1.2(b) is 
directly obtained from the Euler formula, ° = n2E/(KL/r)2, by substi-
e 
tuting 0e = 1.85f, Et = E, K = 0.6, L = s, and r = t/ vfi2. 
Section 4.1.2(c) ensures satisfactory spacing to make a row of con-
nections act as a continuous line of stiffening for the flat sheet under 
most conditions. This requirement is similar to that in Reference 11, 
except that a slight modification has been made to account for the ine-
lastic behavior of stainless steel. In this case, the initial modulus of 
elasticity, E , should be selected from Tables A4 and AS of the Specifi-
. 0 
cation instead of using E = 29,500 ksi given in Reference 11. References 
o 
41 and 43 provide further information for this topic. 
4.2 Mixed Systems 
When cold-formed stainless steel members are used in conjunction 
with other construction materials, the design requirements of other ma-
terial specifications must also be satisfied. 
4.3 Lateral Bracing 
Bracing design requirements have been expanded in the current Spec-
ification. A new provision regarding bracing for symmetrical beams and 
columns is included in Section 4.3.1. 
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4.3.1 Symmetrical Beams and Columns 
The Specification does not provide any generally accepted techniques 
for determining the required strength and stiffness for discrete braces 
in cold-formed stainless steel construction. Design engineers are en-
couraged to seek out the related references44 - 48 and to obtain guidance 
for design of a brace or brace system for cold-formed stainless steel 
structures. 
4.3.2 Channel-Section and Z-Section Beams 
Channels and Z-sections used as beams to support transverse loads 
applied in the plane of the web may twist and deflect laterally unless 
adequate lateral supports are provided. Section 4.3.2 of the Specifica-
tion includes two subsections. The first subsection (Section 4.3.2.1) 
is a new provision that deals with the bracing requirement when one flange 
of the beam is connected to deck or sheathing material. The second sub-
section (Section 4.3.2.2) covers the requirements for -the spacing and 
design of braces, when neither flange of the beam is braced by deck or 
sheathing material. These design provisions are based on the AISI Spec-
ification for the design of cold-formed carbon steel structural 
11 
members. 
4.3.2.1 Bracing When One Flange is Connected 
When channel and Z-sections are used in roofs and walls to directly 
support attached covering material, the latter provides some measure of 
lateral support to the connected flange of the beam. As a result, forces 
are generated in the plane of the covering material by the tendency to 
lateral movement and/or twist of the beam. These accumulated forces must 
be transferred into a sufficiently stiff part of the framing system. 
Further information on this topic can be found in Part II of Reference 
43. 
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4.3.2.1.1 Type and Spacing of Braces 
The new provision of Section 4.3.2.1.1 for the design of braces calls 
for special tests in accordance with Section 6 of the Specification to 
insure the adequacy of the type and spacing of braces to be used for such 
beams when one flange is connected to covering material. However, a 
factor of safety of 1. 85 should be used, instead of that required by 
Section 6 for determining structural performance. This is because the beam 
member itself is analytically designed for a safety factor of 1.85 for 
cold-formed stainless steel structural members. 
4.3.2.2 Neither Flange Connected to Sheathing 
These provisions are similar to those included in the 1974 Edition 
f h AISI S . f' . 10 t th t d' t . 1 h h b o t e peC1 1cat10n, excep a some e 1 or1a c anges ave een 
made in the current Specification. When neither flange is braced by deck 
or sheathing material, discrete bracing must be provided. Section 4.3.2.2 
specifies the spacing of such braces, applicable to both channel and Z-
beams, and the forces for which these braces must be designed. A detailed 
discussion of the background for these provisions is contained in Refer-
ence 41. 
An exception added in Specification Section 4.3.2.2 permits omission 
of discrete braces when all loads and reactions on a beam are transmitted 
through members that frame into the section in such a manner as to ef-
fectively restrain the member rotation and lateral displacement. Fre-
quently this occurs in the end walls of metal buildings. 
4.3.3 Laterally Unbraced Box Beams 
This provision is the same as that used in the 1974 Edition of the 
AISI Specification,10 except that the requirement is expressed in a 
178 
dimensionless unit. A brief discussion on lateral buckling of box beams 
can be found in Part II of Reference 43. 
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5. CONNECTIONS AND JOINTS 
5.1 General Provisions 
The Specification contains provisions only for welded and bolted 
connections. Other means of connection, e.g., rivets, screws and special 
devices are proprietary devices for which information on the strength of 
the connection must be obtained from manufacturers or from tests carried 
out by or for the user. Guidelines provided in Specification Section 6 
are to be used in these tests. 
The provisions contained in this Section are primarily based on the 
experimental evidence obtained from the test program at Cornell Univer-
ld d d b I d . . . I 1 9,49 sity for we e an 0 te connect10ns uS1ng sta1n ess stee s. 
5.2 Welded Connections 
The design provisions for welded connections are developed on the 
basis of the research findings reported in References 9 and 49 and the 
AISI 11 Specification for cold-formed carbon steel. The Specification 
provides design requirements for butt welds, fillet welds, and resistance 
welds. Because Type 430 ferritic stainless steel is susceptible to 
brittle martensite formation after welding, weld connections should not 
be used for this type of material. 
5.2.1 Groove Welds in Butt Joints 
For butt joints, twenty-four specimens have been tested and evalu-
ated. 9 ,49 The allowable design stresses in tension and compression are 
similar to those included in Reference 10, except that the factor of 
safety used in this provision against fracture of the annealed based metal 
is 2.50 instead of 2.20 used in the 1974 Edition of the AISI Specifica-
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tion. This change is mainly for the sake of uniformity in safety factors 
between the Specifications for carbon and stainless steels. 
The use of different factors of safety for butt welds is based on 
the consideration that a larger factor of safety should be provided for 
fracture than for overall yielding. Furthermore, a larger factor of safety 
is selected for fracture of weld metal because of the less certain prop-
erties of deposited weld metal. 
5.2.2 Fillet Welds 
For fillet welded connections, Reference 49 indicates that the de-
sign should be based on (a) fracture of the annealed base metal and (b) 
fracture of the weld metal. Because transverse fillet welds are stressed 
more uniformly than longitudinal fillet welds, the capacity of fillet 
welds SUbjected to transverse loading was found to be higher than that 
for longitudinal loading. 
In Section 5.2.2 of the Specification, separate provisions have been 
included for fillet welds subjected to longitudinal direction and trans-
verse direction loadings. The safety factor used for this provision is 
2.50 against fracture. These changes are mainly based on References 11 
and 49. 
As compared with the 1974 Edition of the AISI Specification for 
stainless steel design, it can be seen that in the current Specification, 
the allowable load for longitudinal fillet welds due to fracture of the 
annealed base metal is slightly less than that used in the previous AISI 
Specification. However, for transverse loading, the allowable load due 
to fracture of the weld metal is slightly larger than that used in the 
previous AISI Specification. 
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The tensile strengths of the weld metal listed in Table A15 of the 
Specification are based on References 50 and 51. Table C10 in the Com-
mentary includes supplementary information on elongation and heat treat-
ment for weld metal. The tensile strengths of annealed base metals listed 
in Table A16 for Types 201, 301, 304 and 316 stainless steels are based 
on Reference 20. For Types 409, 430 and 439, the tensile strengths of base 
metals listed in Table A16 are adapted from References 17 and 18. 
5.2.3 Resistance Welds 
The provisions of the current Specification are the same as those 
used in the 1974 Edition of the AISI Specification, except that for 
pulsation welding, the allowable shear strength is specified for 1/4- and 
1/2- hard tempers, separately. 
Table 2 of Section 5.2.3 includes allowable shear strengths for 
annealed, 1/4- and 1/2- hard temper materials. These data were adopted 
from the AWS Recommended Practices of Resistance Welding. 52 A safety 
factor of 2.50 was used to determine the allowable shear strength for spot 
welding. Although the AWS results were based on the testing of specimens 
using Types 301, 304 and 316 stainless steels, these values can be used 
conservatively for Type 201. 
In Table 3 of Specification Section 5.2.3 on pulsation welding, al-
lowable shear strengths are included only for 1/4- and 1/2- hard temper 
stainless steels. The exclusion of the design data for annealed stainless 
steel was due to the fact that heavy sheets of annealed materials thickner 
than about 0.125 inch would not be available from most steel producers. 
5.3 Bolted Connections 
This provision contains some general requirements for bolt instal-
lation and maximum sizes of holes. Even though no specific requirements 
TABLE CI0 
50 51 AWS Requirements for Mechanical Property of All-Weld-Metal ' 
A W S Elongation in 2 in. Heat 
Classification gage length Treatment 
min., percent 
E209 15 None 
E219 15 None 
E240 15 None 
E307 30 None 
E308 35 None 
E308H 35 None 
E308L 35 None 
E308Mo 35 None 
E30BMoL 35 None 
E309 30 None 
E309L 30 None 
E309Cb 30 None 
E309Mo 30 None 
E310 30 None 
E310H 10 None 
E310Cb 25 None 
E310Mo 30 None 
E312 22 None 
E316 30 None 
E316H 30 None 
E316L 30 None 
E317 30 None 
E317L 30 None 
E318 25 None 
E320 30 None 
E320LR 30 None 
E330 25 None 
E330H 10 None 
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TABLE C10 (cont'd) 
AW R 50 51 S equirements for Mechanical Property of AII-Weld-Metal ' 
A W S Elongation in 2 in. Heat 
Classification gage length Treatment 
min. , percent 
E347 30 None 
E349 25 None 
E410 20 a 
E410NiMo 15 b 
E430 20 c 
ES02 20 a 
ESOS 20 a 
E630 7 d 
E16-8-2 35 None 
E7Cr 20 a 
1 in. = 25.40 IDID 
a Specimen shall be heated to between 1550° and HiOO· F (840· and 870" C), 
held for 2 hr., furnace-cooled at a rate not exceeding 100ftF (5SoC) 
per hr. to 11000 F (595 ft C), and air cooled to ambient. 
b Specimen shall be heated to between 11000 and 1150°F (S95°and 620°C), 
held for 1 hr., and air cooled to ambient. 
c Specimen shall be heated to between 14000 and 14500 F (760° and 790°C), 
held for 2 hr., furnace-cooled at a rate not exceeding 100°F (55°C) 
per hr. to 1100°F (595°C), and air cooled to ambient. 
d Specimen shall be heated to between 1870° and 1925°F (1025° and 1050°C), 
held for 1 hr., air cooled to at least 60°F (15°C), and then preclpl-
tation hardened at 113S0to 116SoF (610 0 to 630°C), held for 4 hr., and 
air cooled to ambient. 
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are given in this section for installation, bolts should be properly 
tightened according to good practice used in building construction. 
The design requirements included in this section deal with minimum 
spacing and edge distance, tension in connected parts, bearing in bolted 
connections, and shear and tension in bolts. 
5.3.1 Spacing and Edge Distance 
The provisions for minimum spacing and edge distance have been re-
vised in the current Specification. The minimum edge distance of each 
individual connected part, e . , is now determined by using the tensile 
m1n 
strength of the connected part in the longitudinal direction (F ), instead 
- u 
of the average yield strength ( F ). 
Y,av 
The design equation is based 
-on the following basic formula established from the test results: 49 
e , 
, req d P / F t u (Eq. C-6) 
in which e 'd is the required minimum edge distance to prevent' shear 
req 
failure of the connected part for the force, P, transmitted by one bolt, 
and t is the thickness of the thinnest connected part. The safety factor 
used in this provision is the same as that included in Reference 10. 
The design requirements for bolted connections with standard, over-
sized and slotted holes are included in this provision. 
5.3.2 Tension in Connected Part 
In the revised design criteria, the formula used for computing the 
tension stress on the net section of connected parts are based on the 
reevaluation of test results presented in Reference 49. It was found that 
by using Eq. 5.3.2-3 for double shear connections and Eq. 5.3.2-4 for 
single shear connections, good correlations can be achieved between 
tested and predicted values against tension failure on the net section 
of connected parts. In Eqs. 5.3.2-3 and 5.3.2-4, 
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F is taken as the 
u 
tensile strength in the longitudinal direction instead of the basic design 
stress used in Reference 10. The safety factor used to determine the 
allowable tensile load on net section is 2.40 for double shear connections 
and single shear connections. It provides a consistent safety factor for 
the design of cold-formed stainless steels. 
5.3.3 Bearing 
In the 1974 Edition of the AISI Specification, the allowable bearing 
stress was determined on the basis of the average yield strength of the 
connected parts. In the current des ign provis ion, it is based on the 
t . 1 t th f th t d t' th 1 . t d' 1 d' . 49 enS1 e s reng 0 e connec e par 1n e ong1 u 1na 1rect10n. 
Based on the test results presented in Reference 49, different nominal 
bearing stresses are specified for single and double shear connections. 
The safety factor used in this provision is 2.40 instead of 2.57 used in 
Reference 10. 
5.3.4 Shear and Tension in Bolts 
In the current Specification, the allowable shear stresses for 
stainless steel bolts are given in Table A17 of the Specification. This 
table was prepared on the basis of References 9, 19 and 53. The allowable 
shear stress for bolts with no threads in the shear plane was taken as 
60 percent of the minimum tensile strength divided by a safety factor of 
3. O. This allowable shear stress provides a minimum safety factor of about 
1.2 against shear yielding of bolt material. When threading is included 
in the shear plane, 70 percent of the nominal ~llowable shea~ stress is 
used due to the fact that the actual shear stress in bolts is to be cal-
culated on the basis of the gross cross-sectional area or nominal area, 
and that the ratios of stress area-to-nominal 'area range from 0.65 to 0.76 
186 
for diameters of bolts varying from 1/4 to 3/4 inch. This practice is 
comparable to that for high-strength carbon steel structural bolts. For 
the bolts not listed in Table A17, the allowable shear stresses can be 
determined in the same manner. 
In the same table, the allowable tension stresses for stainless steel 
bolts are added. When bolts are subjected to a combination of shear and 
tension, the reduced allowable tension stresses, F' t' are given in Table 
A18. 
The allowable tension strengths for bolts are determined on the basis 
of the minimum tensile strength of materials divided by a safety factor 
of 3.0. The design equations given in Table A18 for determining F' t 
are derived from the following equation: 
where 
F' = 1.25 F - A f 
t t v 
(Eq. C-7) 
F' = Reduced allowable tension stress for bolts subjected to 
t 
a combination of shear and tension 
F
t 
= Allowable tension stress for bolts subject only tension 
A = 1.8 for threads not excluded from shear planes 
= 1.4 for threads excluded from shear planes 
f = Shear stress in bolt 
v 
5.4 Shear Rupture 
This provision is adopted from Reference 11. It contains the allow-
able shear force due to shear rupture failure of cold-formed stainless 
steel structural members. The factor of safety used in this provision 
for stainless steel beams is 2.22 instead of 2.00 used for cold-formed 
carbon steel members. 
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6. TESTS 
This section covers the requirements of tests to determine material 
properties and structural performance for cold-formed stainless steel 
structural members. These provisions do not apply to the panels used as 
shear diaphragms. A general discussion of structural diaphragms is given 
in References 41 and 54. 
6.1 Determination of Stress-Strain Relationships 
This provision is the same as that included in the 1974 Edition of 
h AISI S ·f·· 10 h h d d AST . t e pec1 1ca1ton, except t at t e up ate M spec1fications are 
used in the current Specification. This section is included in case the 
material does not correspond to the mechanical properties given in this 
Section, or for obtaining detailed mechanical properties for special 
cases when necessary. Discussions of the statistical approaches required 
are contained in References 4 and 7. 
6.2 Tests for Determining Structural Performance 
This provision is adopted from Reference 11, except that the dead 
load factor used in Specification Eq. 6.2-2 is 2.0 instead of 1.5, which 
is used in Reference 11. This section contains provisions for proof of 
structural adequa~y by load tests. It is restricted to cases where cal-
culation of safe load-carrying capacity or deflection cannot be made in 
accordance with the provision of this Specification. 
Many cold-formed stainless steel structural applications have dif-
ferent composition or configuration, which are not covered by the pro-
visions of this Specification; their performance and adequacy, therefore, 
cannot be demonstrated by the Specification. For example, apart from 
those methods of connection coverd in the Specification, a number of other 
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means of connecting are in use. The fact that these are not specifically 
covered in the Specification is not intended to exclude their use. How-
ever, since structures so connected cannot be calcualted according to the 
Specification (at least as to strength of connections), tests according 
to Section 6 are the only means of supplying proof of structural adequacy. 
Other similar examples could be cited. 
Provision (b) prescribes that the structure, when tested, shall 
support the design loads increased by load factors, without failure or 
harmful distortions. This is to provide reasonable safety factors against 
failure or harmful distortions. The safety factor thus obtained is some-
what larger than the basic factor of safety of 1.85 on which the body of 
the 'Specification is based. This takes into account the uncertainties in 
translating test results into reliable carrying capacities as mentioned 
above. Additionally, in some cases, the factors of safety in the Spec-
ification are larger than 1.85 as can be seen in Table C8 of the Commen-
tary. For connections, the factors of safety implied in the Specification 
are significantly larger than 2. Therefore, provision (b) is also aimed 
at ensuring factors of safety consistent with those implied in the Spec-
ification for connections. 
Provision (c) applies when the strength of the test specimen is 
greater than the minimum specified steel strength. This requires that the 
test results must be reduced in the ratio of the actual strength to the 
specified minimum strength to obtain the load-carrying capacity. The 
provision is self-explanatory regarding similar corrections for tensile 
strength or sheet thickness. 
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6.3 Tests for Confirming Structural Performance 
Members, connections and assemblies which can be designed according 
to the provisions of Sections 1 through 5 of the Specification, need no 
confirmation of calculated results by test. However, special situations 
may arise where it is desirable to confirm by test the results of calcu-
lations. Tests may be called for by tha manufacturer, the engineer, or a 
third party. 
Since design was in accordance with the Specification, the higher 
load factors of Specification Section 6.2 do not apply. All that is needed 
is that the tested specimen or assembly perform according to the safety 
factor implied in the applicable specification provision. The appropri-
ate value of the applicable safety factor can generally be obtained from 
the Specification or Commentary Table C8. 
6.4 Tests for Determining Mechanical Properties of Full Sections 
Method for utilizing the effects of cold work are incorporated in 
Section 1.5.2.2 of the Specification. In that section, it is specified 
that as-formed mechanical properties, in particular the yield strength, 
can be determined by full-section tests and under some limitations. This 
Specification section spells out in considerable detail the types and 
methods of these tests, and their number as required for use in connection 
with Specification Section 1. 5.2.2. For details of testing procedures 
which have been used for such purpose, but which in no way should be re-
garded as mandatory, see References 55 and 56. 
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APPENDICES 
Appendix A Design Tables and Figures 
In the current Specification, all the design tables and figures are 
included in Appendix A. These technical data provide the basic design 
information on material properties for Types 201, 301, 304, 316, 409, 430, 
and 439 stainless steels. In addition, design tables for welded and bolted 
connections are also included. 
Table Al of the Specification lists the yield strengths for seven 
types of stainless steels according to the direction and type of stress. 
The yield strengths of Types 201, 301, 304, and 316 stainless steels for 
transverse tension are based on the values specified in ASTM A666-84. 20 
Other yield strengths for longitudinal tension, transverse compression, 
and longitudinal compression are derived from the yield strengths recom-
mended "in Tables C3, C4 and C5 of the Commentary. 
For Type 409 stainless steel, the yield strengths for different types 
17 
of stress are adapted from ASTM 176-85a. These values have been verified 
by the test data provided in Refs. 21 and 22. 
For Types 430 and 439 stainless steels, the yield strengths listed 
18 in Table Al are adapted from ASTM 240-86. The values specified in the 
ASTM Specification are the minimum tensile yield strengths in the trans-
verse direction. The test data given in Tables C7 and C8 of the Commen-
tary are larger than those specified in Ref. 18. These ASTM specified 
minimum strengths are used in the Specification for design purposes due 
to the consistency with other types of stainless steels. 
The shear yield strengths listed in Table Al are calculated as 57.7 
percent of the average value of longitudinal tension, transverse tension, 
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transverse compression and longitudinal compression. The relationship 
between tension , compression, and shear stress-strain curves is dis-
cussed in Reference 4. 
Tables A2 through A14 and Figures Al through A12 provide the design 
data on secant modulus, initial modulus of elasticity, tangent modulus, 
and plasticity reduction factors for Types 201, 301, 304, 316, 409, 430 
and 439 stainless steels used in this Specification. The aforementioned 
mechanical properties for Types 201, 301, 304, and 316 are the same as 
those used in the 1974 Edition of the AISI Specification. 10 For Types 409, 
430 and 439, the mechnical properties are based on Refs. 21, 22 and 57. 
For the design of welded connections, the tensile strengths of weld 
metals listed in Table A15 are based on Refs. 50 and 51. 
The tensile strengths of annealed base metals listed in Table A16 
for Types 201, 301, 304 and 316 are adapted from ASTM A666-84. 20 In the 
-same table,. the tensile strengths of base metals for Types 409, 430 and 
439 are based on ASTM 176-85a and ASTM A240_86. 17 ,18 
Table A17 gives the allowable shear and tension stresses for stain-
less steel bolts. Table A18 provides the reduced allowable tension 
stresses, F't' for bolts subjected to a combination of shear and tension. 
Discussions of the shear and tension stresses in stainless steel bolts 
are described in Commentary Section 5.3.4. 
Table A19 lists the ratios of the effective proportional limit-to-
Yield strength. The vlaue of F IF for Types 201, 301, 304 and 316 pr y 
stainless steels are the same as that used in the 197.4 Edition of the AISI 
Specification. For Types 409, 430 and 439, the ratios of F IF are de-pr y 
termined on the basis of Ref. 21. 
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Appendix B Flange Curling 
For detailed discussions, see Commentary Section 2.1.1(b). 
Appendix C Shear Lag Effects 
For detailed discussions, see Commentary Section 2.1.1(c). 
Appendix D Stiffeners 
For detailed discussions, see Commentary Section 2.6. 
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